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ABSTRACT
The Kepler light curves used to detect thousands of planetary candidates are susceptible to dilution due to
blending with previously unknown nearby stars. With the automated laser adaptive optics instrument, Robo-
AO, we have observed 620 nearby stars around 3857 planetary candidates host stars. Many of the nearby stars,
however, are not bound to the KOI. In this paper, we quantify the association probability between each KOI
and detected nearby stars through several methods. Galactic stellar models and the observed stellar density
are used to estimate the number and properties of unbound stars. We estimate the spectral type and distance
to 145 KOIs with nearby stars using multi-band observations from Robo-AO and Keck-AO. We find most
nearby stars within 1′′ of a Kepler planetary candidate are likely bound, in agreement with past studies. We
use likely bound stars as well as the precise stellar parameters from the California Kepler Survey to search for
correlations between stellar binarity and planetary properties. No significant difference between the binarity
fraction of single and multiple planet systems is found, and planet hosting stars follow similar binarity trends
as field stars, many of which likely host their own non-aligned planets. We find that hot Jupiters are ∼4×
more likely than other planets to reside in a binary star system. We correct the radius estimates of the planet
candidates in characterized systems and find that for likely bound systems, the estimated planetary candidate
radii will increase on average by a factor of 1.77, if either star is equally likely to host the planet. We find that
the planetary radius gap is robust to the impact of dilution, and find an intriguing 95%-confidence discrepancy
between the radius distribution of small planets in single and binary systems.
Keywords: binaries: close - instrumentation: adaptive optics - techniques: high angular resolution - methods:
data analysis - methods: observational - planets and satellites: fundamental parameters
1. INTRODUCTION
The Kepler telescope detected over 4000 planetary can-
didates during its four-year primary mission (Borucki et al.
2010, 2011a,b; Batalha et al. 2013; Burke et al. 2014; Rowe
et al. 2014; Coughlin et al. 2016; Mathur et al. 2017). Each of
these planet candidates (Kepler objects of interest, or KOIs)
requires further ground-based, high-angular resolution obser-
vations to detect contaminating nearby stars that lie within
the same photometric aperture as the planet candidate host
star. The additional flux from these stars dilute the Kepler
light curves and can lead to inaccurate host star characteri-
zation (Dressing & Charbonneau 2013; Santerne et al. 2013)
and underestimated planetary radii (Morton & Johnson 2011).
Therefore, every Kepler planetary candidate must be validated
with ground-based high-angular resolution observations.
A single comprehensive survey of every KOI on a large
aperture telescope would necessitate an enormous time al-
location due to the inefficiencies of a conventional high-
resolution instrument. Nevertheless, the community has con-
tributed considerable effort to perform these vital observations
(Howell et al. 2011; Adams et al. 2012, 2013; Lillo-Box et al.
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2012, 2014; Horch et al. 2012, 2014; Marcy et al. 2014; Dress-
ing et al. 2014; Gilliland et al. 2015; Wang et al. 2015a,b; Tor-
res et al. 2015; Everett et al. 2015; Kraus et al. 2016; Furlan
et al. 2017). While many of these surveys were performed on
large-aperture telescopes, sensitive to close (tens of mas sep-
aration) and faint (8-10 magnitudes fainter than the host star)
nearby stars, any individual survey observed only a fraction of
the total number of KOIs. In addition, the piecemeal approach
resulted in redundant observations of a small set of KOIs (of-
ten the brightest targets). In total, less than half of the KOIs
have been observed in high-resolution within these surveys.
Robo-AO, the first fully automated laser adaptive optics
system, achieves an order-of-magnitude increase in time-
efficiency compared to conventional high-resolution instru-
ments. We are using Robo-AO to perform high-resolution
imaging of every KOI system, sensitive to nearby stars at sep-
arations as close as 0.′′15 and up to 6 mag fainter than the host
star. The survey, covered in Law et al. (2014, hereafter Pa-
per I), Baranec et al. (2016, hereafter Paper II), Ziegler et al.
(2017, hereafter Paper III), and Ziegler et al. (2018, hereafter
Paper IV), has observed 3857 KOIs to date, approximately
95% of the planetary candidates discovered with Kepler, and
detected 620 nearby stars.
Previous studies suggest the presence of a stellar compan-
ion these systems will shape the properties of the planetary
candidates (e.g., Katz et al. 2011; Naoz et al. 2012; Wang
et al. 2014; Kraus et al. 2016). For instance, we found low-
significance evidence in Paper III that hot Jupiters are more
likely to be found around KOIs with a nearby star, and that
single and multiple transiting planet systems have similar
nearby star fraction rates. Simulations (Horch et al. 2014) and
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observations (Hirsch et al. 2017; Atkinson et al. 2017) of Ke-
pler multiple star systems suggest, however, that a significant
fraction of stars detected with Robo-AO at wide separations
are unbound asterisms. The diluting effect of these unasso-
ciated nearby stars in our sample limit the ability to measure
correlations between stellar binarity and the properties of the
planetary systems. In this paper, we describe our analysis into
the probability of association of individual systems with ad-
ditional Robo-AO observations and survey simulations. The
likely bound systems which host planet candidates are then
used to search for insight into the effect binary stars have on
the formation and evolution of planetary systems.
We begin in Section 2 by briefly describing the Robo-AO
system and the Robo-AO and Keck-AO observations. We dis-
cuss the impact that stellar companions can have on the esti-
mated planetary radii in Section 2.3. In Section 3, we describe
the analysis used to estimate the spectral type and distances
to the KOIs and their companions, then quantify the proba-
bility of physical association of multiple systems. We discuss
the results of the nearby star characterization and the implica-
tions of binary systems on the Kepler planetary candidates in
Section 4. We conclude in Section 5.
2. SURVEY OBSERVATIONS AND ANALYSIS
We use Robo-AO and Keck-AO to observe KOIs with de-
tected nearby stars in multiple bands to estimate the spectral
type and distance to each star. These properties allow us to
quantify the probability of association between the primary
and secondary components in each system.
2.1. Robo-AO
Observations in the survey were performed using the Robo-
AO automated laser adaptive optics system at Palomar and
Kitt Peak (Baranec et al. 2014, 2017; Jensen-Clem et al. 2018)
that can efficiently perform large, high angular resolution sur-
veys. The AO system runs at a loop rate of 1.2 kHz to
correct high-order wavefront aberrations, delivering median
Strehl ratios of 9% and 4% in the i′-band at Palomar and Kitt
Peak, respectively. Observations were taken in a long-pass
filter cutting on at 600 nm (LP600 hereafter). The LP600 fil-
ter approximates the Kepler passband at redder wavelengths,
while also suppressing blue wavelengths that reduce adaptive
optics performance. The LP600 passband is compared to the
Kepler passband in Figure 1 of Paper I. We obtained high-
angular-resolution images of 3313 KOIs with Robo-AO be-
tween 2012 July 16 and 2015 June 12 (UT) at the Palomar
1.5m telescope. We observed 532 additional KOIs with Robo-
AO between 2016 June 8 and 2016 July 15 (UT) at the Kitt
Peak 2.1m telescope.
Further follow-up observations in r′, i′, and z′ bands of 145
KOIs with nearby stars detected by Robo-AO in previous pa-
pers in the survey were performed between 2017 March 16
and 2017 June 08 (UT) at Kitt Peak by Robo-AO. These ob-
servations facilitate characterization of the nearby stars, and
allow estimation of the association probability between the
KOI and nearby star, described in Section 3.1. Photometry
from these observations is available in Table 2.
2.2. Keck LGS-AO
We observed 10 candidate multiple systems in J, H, and
K with the NIRC2 camera behind the Keck-II laser guide
star adaptive optics system (Wizinowich et al. 2006; van Dam
et al. 2006), on 2017 Aug 8-10 (UT). These 10 multiple KOI
Table 1 The specifications of the Robo-AO KOI survey
KOI targets 3857
FWHM resolution ∼0.′′15 (@600-750 nm)
Observation wavelengths 600-950 nm
Detector format 10242 pixels
Pixel scale 43 mas/pix (Palomar)
35 mas/px (Kitt Peak)
Exposure time 90 seconds
Targets observed / hour 20
Observation dates 2012 July 16 –
at Palomar 1.5m 2015 June 12
Observation dates 2016 June 8 –
at Kitt Peak 2.1m 2016 July 15
systems were targeted due to uncertainty in association be-
tween the primary and secondary stars with only Robo-AO
visible-band photometry. Typically, three 30 s exposures were
taken in each band, for a total exposure time of 270 s. The im-
ages were corrected for geometric distortion using the NIRC2
distortion solution of Yelda et al. (2010). The additional NIR
photometry for multi-band observations with Keck are de-
tailed in Table 2.
2.3. Data Reduction and Analysis
With the largest adaptive optics dataset yet assembled by
Robo-AO, the data reduction process was automated as much
as possible for efficiency and consistency. As described in
Paper IV, after initial pipeline reductions, the properties of
the detected nearby stars were measured. Systems that have
multi-band observations with Robo-AO are characterized as
described in Section 3 to quantify the probability of associa-
tion and correct the estimated planetary radius.
2.4. Updated Transiting Object Parameters
A nearby star in the same photometric aperture as the target
star will dilute the observed transit depth, resulting in under-
estimated radius estimates. We re-derive the estimated plane-
tary radius around the 145 systems re-observed with Kitt Peak
for two scenarios: the planet orbits the target star or the planet
orbits the secondary star, whether unbound or bound to the
primary. For the first case, we use the relation from Paper I to
correct for the transit dilution,
Rp,A = Rp,0
√
1
FA
(1)
where Rp,A is the corrected radius of the planet bound around
the primary star, Rp,0 is the original planetary radius estimate
based on the diluted transit signal, and FA is the fraction of
flux within the aperture from the primary star. For the case
where the planet candidate is bound to the secondary star, we
use the relation
Rp,B = Rp,0
RB
RA
√
1
FB
(2)
where RB and RA are the stellar radii of the secondary and
primary star, respectively.
The fluxes of all observed sources within the Kepler aper-
ture were summed to estimate the transit dilution. We derive
stellar radius estimates with relations from Habets & Heintze
(1981) using spectral types from the stellar characterization
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described in Section 3.1. Revised planetary radius estimates
are detailed in Table 3.
3. MEASURING THE PROBABILITY OF PHYSICAL ASSOCIATION
In this section, we use several methods to determine the
association probability for multiple KOI systems. We first de-
termine the spectral type and distance to stars in each system
using multi-band photometry. We then use galactic stellar
models to determine the properties of likely bound and un-
bound stars and estimate the number of unbound stars within
our sample using the stellar density observed in Robo-AO im-
ages. Lastly, we use this analysis to correct the estimated radii
of planetary candidates within these systems.
3.1. Photometric-Distance-Based Association
Multi-band observations with an adaptive optics instrument
can allow characterization of the stars detected near KOIs,
giving estimates of the stars intrinsic brightness and approxi-
mate distances. If the distance estimates between the primary
and a nearby star are in agreement, it is highly probable the
two are in fact gravitationally bound.
We characterize the stars nearby 145 KOIs re-observed with
Robo-AO, described in Section 2.1. We targeted stars with
surface gravities consistent with dwarf stars: log g >3 and
log g <5, as estimated by Mathur et al. (2017). In addi-
tion to visible photometry from Robo-AO images, we used
PANSTARRs g′-band photometry (Chambers et al. 2016) for
widely separated stars (typically ρ > 3′′) and extant NIR pho-
tometry from previous seeing limited and high-resolution sur-
veys (Atkinson et al. 2017; Kraus et al. 2016; Furlan et al.
2017). Photometry of the blended systems was obtained from
the stellar properties described in Mathur et al. (2017).
To estimate the spectral types of the KOIs and nearby stars,
we follow the analysis described in Atkinson et al. (2017). A
Gaussian distribution for each available photometric color is
generated based on the measured or published errors. Dis-
tributions are corrected for extinction using the standard re-
lations from Cardelli et al. (1989). These distributions are
then fit to SED models (Kraus & Hillenbrand 2007), origi-
nally assembled from a heterogeneous set of models and data
for an investigation of the Praesepe and Coma Berenices, to
determine spectral type. We assume that all nearby stars lie
on the main-sequence; we discuss possible background giant
star contamination in Section 3.2.1. For each star, we use the
intrinsic brightness of the estimated spectral type in each band
compared to the observed apparent magnitudes of the star to
estimate the distance to that star. The average of the estimated
distances from all observed bands provides the final distance
estimate. Distance uncertainties are derived from repeating
the spectral fits and distance estimations using photometry in
each band drawn at random from the respective Gaussian dis-
tribution. The final uncertainty is the standard deviation of the
resulting distribution of distance estimates from 10,000 such
fits.
The resulting best-fit spectral type and distance estimates,
along with measured photometry, for the 145 KOIs and
nearby stars are detailed in Table 2. We combine these results
with those of Atkinson et al. (2017) and Hirsch et al. (2017) to
estimate the percent of nearby stars that are bound, displayed
in Figure 1. For results from this work and from Atkinson
et al. (2017), bound systems have uncertainties between the
estimated distance of the primary and secondary star less than
2σ, uncertain have uncertainties between 2 and 3σ, and un-
bound have uncertainties greater than 3σ. The combined sam-
Figure 1. Results of association analyses of nearby stars to KOIs from Atkin-
son et al. (2017, A17), Hirsch et al. (2017, H17), and this work, described in
Section 3.1. The percent of nearby stars that are bound in each 0.′′2 bin is
displayed along the bottom. Most stars within 1′′of the KOI are bound, with
wider separated stars more likely to be unbound.
ple supports the conclusion of Hirsch et al. (2017) and this
work in Section 3.2 that most stars within 1′′of the primary
star are bound, with the percent of stars bound decreasing at
wider separations.
3.2. Association Probabilities from Simulations
We can estimate the probability of association of a nearby
star based on its separation and magnitude difference to the
primary star using the TRILEGAL Galactic stellar model (Gi-
rardi et al. 2005). Following a similar analysis to Horch et al.
(2014), we simulate star fields for ten one-square-degree star
fields randomly distributed in the Kepler field of view. To
match the distribution of stellar characteristics of the KOIs,
we limit our sample to distances within 1300 pc, stellar ef-
fective temperatures between 3,000 and 10,000 K, and sur-
face gravity (log g) between 3.3 and 4.7. The majority of
KOIs are solar-type stars (Batalha et al. 2010), thus binaries
were populated at a companion rate of 46%, a fraction deter-
mined from observations for solar-types stars by Duquennoy
& Mayor (1991) and Raghavan et al. (2010). Orbital periods
of the companion stars were drawn at random from the log-
normal distribution from Duquennoy & Mayor (1991). Ec-
centricities were also drawn from the distribution found in
Duquennoy & Mayor (1991). The semi-major axis of the or-
bit was determined from the stellar masses and period, and
we select random values for the cosine of inclination (cosi),
ascending node (Ω), the angle in the orbit between the line of
nodes and the semi-major axis (ω), and the time of periastron
passage. The companion stars are than placed at an angular
distance from the primary using by converting the true orbital
distance and the distance from the solar system to the stars.
We simulate the detectable systems with Robo-AO using
our average image performance (see Section 3.5 of Paper IV)
as a function of source brightness and a random variation
caused by seeing. The properties (separation and contrast
ratios) of the distribution of simulated nearby stars closely
matches that of the observed nearby stars from Robo-AO ob-
servations. A simulated Kepler field, with the number of
nearby stars plotted equivalent to the number detected in the
full Robo-AO KOI survey, is displayed in Figure 2. Using
all ten simulated fields, we determine the probability of asso-
ciation for a given separation and contrast. This probability
density map is displayed in Figure 3, with observed nearby
stars to KOIs from the Robo-AO survey overplotted.
The results of these simulations generally agree with the
previous simulations by Horch et al. (2014) and evidence from
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Figure 2. Simulated Robo-AO survey using Galactic stellar models, de-
scribed in Section 3.2. Nearby stars that are bound are plotted in red, and
unbound asterisms are plotted in black. Bound stars are likely to be found at
small separations and near equal brightness to the target star.
Figure 3. Probability of association density map derived from simulated star
fields from Galactic stellar models, as described in Section 3.2. Observed
nearby stars to KOIs from the Robo-AO survey are overplotted. Most nearby
stars detected within 1′′of the planetary host star are likely bound. Stars
outside of 2′′are likely unbound, however still contaminate the Kepler pho-
tometry resulting in incorrect planetary radii estimates.
observations (displayed in Figure 1): most stars within 1′′are
expected to be bound, while wider separated companions with
higher contrasts are likely unbound.
3.2.1. Expected Giant Star Contamination
It is conceivable that an unbound background giant star, ob-
served near a KOI, has a distance estimate similar to the KOI
resulting in a high probability of being bound. This is a result
of our assumption that the background stars are dwarf stars.
We estimate the number of expected giant stars being charac-
terized as bound dwarf stars to the KOIs using the simulated
Kepler fields, discussed in Section 3.2. We perform our stel-
lar characterization analysis on the ten simulated fields, de-
scribed in Section 3.1. We find a probability of approximately
20% that a single background giant star in the entire Robo-AO
KOI survey will, if we assume it is a dwarf star, have an es-
timated probability of association with a planet host greater
than 2σ in our analysis. We therefore expect the impact of
background giant star contamination on results in this work to
be negligible.
3.3. Galactic Latitude and Stellar Density
The location of the KOI within the Kepler field may also
impact the likelihood that an unbound star will be observed
nearby. The large set of full frame Robo-AO images of KOIs,
with a field of view 44′′square, allow us to measure the ob-
served stellar density over a statistically significant section of
the sky within the Kepler field of view. We counted stars
within 2598 full-frame images, not including the target star
or any stars within 4′′of the target star, to determine the ob-
served stellar density with Robo-AO as a function of Galactic
coordinates. The typical depth of Robo-AO images, based
on the image performance metrics described in Ziegler et al.
(2018), is 4-7 mag fainter than the KOI, equivalent to a V≈20
star. The simulations described in Section 3.2 suggest that the
vast majority of stars outside 4′′are unbound to the target star.
The observed stellar densities from the full frame Robo-AO
images of KOI targets as a function of Galactic latitude are
shown in Figure 4, with quadratic fitting line.
We find Pearson correlation coefficients (where a value of
0 signifies no linear correlation and a value or either 1 or
-1 signifies total positive or negative linear correlation) of
Galactic latitude and longitude to observed stellar densities
of -0.53 and -0.03, respectively. This suggests that, as ex-
pected, Galactic latitude is the primary variable in estimat-
ing local stellar density. Indeed, the median Galactic latitude
for KOIs with nearby stars is b=11.2, approximately a degree
and a half closer to the Galactic disk compared the median
latitude of all KOIs (bmed=12.7), while the difference in me-
dian Galactic longitude for the two populations is negligible.
Apart from a higher number of nearby unbound stars, KOIs
with nearby stars may on average be found at lower Galactic
latitudes due in part to higher intrinsic binarity rates of thick
disk stars compared to thin disk stars (Chiba & Beers 2000;
Grether & Lineweaver 2007).
We use these stellar densities to then estimate the proba-
bility that an unbound star will, by chance, be within 4′′of
a KOI. We plot the KOIs with nearby stars observed in the
Robo-AO survey in Figure 5. We also plot the probability
that an unbound star will be observed nearby (within 4′′) a
KOI estimated from the quadratic fit to the observed stellar
densities as a function of Galactic latitude. For the entire set
of 3857 targets from the Robo-AO KOI survey, we would ex-
pect on average approximately 318 unbound stars to be ob-
served within the same Kepler pixel (separations within 4′′)
of the planetary hosts.
4. DISCOVERIES AND DISCUSSION
In this section, we delve further into the full set of obser-
vations from the Robo-AO KOI survey to further explore the
implications of stellar multiplicity on the planetary candidates
(Section 4.1), and search for insight into the role that multi-
ple stellar bodies play on planetary formation and evolution
(Section 4.2)
4.1. Implications for Kepler Planet Candidates
When a close companion is detected near a KOI host star,
there are several potential implications as, in general, it is not
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Figure 4. Observed stellar densities in Robo-AO full-frame images within
the Kepler field as a function of Galactic latitude with quadratic fit. Target
stars and stars within 4′′of the target star have been excluded. The distribution
reveals a negative correlation between stellar density and Galactic latitude.
Figure 5. Location on sky of KOIs with nearby stars from Paper I, II, III,
and this work. A projection of the Kepler field of view is provided for refer-
ence. The probability of an unbound star being found within 4′′of the KOI
is plotted, as determined from observed stellar densities with Robo-AO. The
median sky position of all observed KOIs and KOIs with nearby stars are
plotted with a green circle and ×, respectively. KOIs with nearby stars are on
average closer to the Galactic disk.
known which star is the source of the transit signal. If the
planet does indeed transit the purported target star, the con-
sequences may be relatively mild: the planet’s radius will be
slightly larger than had previously been thought—at most by
a factor of
√
2 in the case of an equal-brightness companion
(Ciardi et al. 2015). If the eclipsed star is a faint companion,
however, the radius of the eclipsing object may be many times
larger, potentially turning a small planet into a giant planet or
a planet into a false-positive eclipsing binary star. In Paper IV,
we found that for a scenario in which each planet is equally
likely to be hosted by the primary or secondary star, the plan-
etary radii will increase on average by a factor of 2.18. The
large number of faint unassociated stars likely inflates this fac-
tor; for just systems with stars within 1′′, the planetary radii
will increase by a factor of 1.54.
The radii estimates of the primary stars in Paper IV were
from Kepler stellar catalog (Mathur et al. 2017). As the prop-
erties of most of the host stars in the Kepler stellar catalog
are based on broad-band photometry assuming that they are
single, the derived stellar radius of the primary star may well
be incorrect if the system actually contains multiple stars. We
estimated the radii of the secondary stars in Paper IV under
the assumption that they were bound to the primary. We then
used the stellar radius of an appropriately faint star (based on
the visible-band contrast with respect to the primary) in the
Dartmouth stellar models (Dotter et al. 2008).
In this paper, we use multi-band photometry from the re-
solved systems to estimate the spectral type of 145 KOIs and
nearby stars, as described in Section 3.1. We use the spectral
types to estimate the stellar radius of each star, and correct
the estimated radius of planets around those KOIs using the
methodology detailed in Section 2.4. The corrected planetary
radii are available in Table 3.
We find radius correction factors for these 145 KOIs of
1.06, 4.65, and 2.86 for the scenarios in which all planets or-
bit the primary, all planets orbit the secondary, and planets are
equally likely to orbit the primary and secondary, respectively.
As discussed in Paper IV, the latter two scenarios are not likely
due to the large number of unbound stars in our sample. As-
suming the planets are equally likely to orbit these unbound
stars results in a large number of gas giant planets, which are
inherently rare in the galaxy (Howard et al. 2012). If we use
just the likely bound stars (as determined in Section 3.1), the
planetary radii will increase by factors of 1.08, 2.47, and 1.77
for the scenarios in which all planets orbit the primary, all
planets orbit the secondary, and planets are equally likely to
orbit the primary and secondary, respectively.
It is believed that the transition from a rocky planet to a
planet with a large gaseous envelope begins relatively sharply
at 1.6 R⊕ (Rogers 2015). In our set of 145 KOIs, we
find 10 planet candidates, each initially believed to be rocky
(Rp,0<1.6R⊕), are likely not rocky, with corrected radii larger
than 1.6 R⊕, whether orbiting either the primary or secondary
star. All but two of these (KOI-2380.01 and KOI-4713.01)
were previously determined to not be rocky regardless of host
star in Paper IV. We also find that most (72 of 81) of the plan-
etary candidates with initial radius estimates less than 1.6R⊕,
consistent with rocky composition, would likely not be rocky
if hosted by the secondary star.
4.1.1. Impact on the Planet Radius Gap
The California Kepler Survey (CKS) recently released up-
dated stellar parameters (Johnson et al. 2017) several times
more precise than those derived from photometry in the Ke-
pler input catalog. Fulton et al. (2017) filtered the 2025 KOIs
in the CKS sample to remove false positives, giant stars, low-
impact parameter planets, faint stars, long-period planets, and
non-solar type stars, resulting in a set of 900 KOIs. Within
this filtered set of KOIs, they detected a gap in the planetary
radius distribution for planets with radii between 1.5− 2.0R⊕.
This gap has been interpreted as an “evaporation-valley” be-
tween a population of rocky super-Earths and a population of
sub-Neptunes with thick atmospheric envelopes (Owen & Wu
2017)
The depth of the radius gap can be quantified using the met-
ric VA, derived in Fulton et al. (2017), which is the ratio of the
number of planets in the bottom of the gap (1.64-1.97 R⊕) to
the average number in the peaks immediately outside of the
gap (1.22-1.44 R⊕ and 2.16-2.62 R⊕). Smaller values of VA
denote a deeper gap. The filtered CKS sample without radius
corrections has a gap depth of VA=0.483.
In the Robo-AO survey, we detected nearby stars to 168
of the 900 KOIs (18.7%) used in their analysis. We correct
the radius of planets due to dilution from contaminating stars,
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Figure 6. The radius distribution of planets using stellar parameters from the
California Kepler Survey (Johnson et al. 2017). In Panel (a), the planetary
radius distribution after successive filters have been applied, revealing a gap
in the radius distribution for small planets (Fulton et al. 2017). Panels (b)-
(d) show the distribution after radius corrections to account for dilution from
nearby stars detected by Robo-AO, assuming that all planets orbit the primary
star, all planets orbit the secondary star, and planets are equally likely to orbit
the primary or secondary star, respectively. The original CKS distribution
from Panel (a) is overplotted with a dashed blue line for comparison.
using the corrected radii listed in Table 3 for the 145 systems
characterized in Section 3.1. For systems without multi-band
photometry, the radius corrections from Paper IV were used.
The resulting distributions are shown in Figure 6. We find
that, if all planets in systems with detected nearby stars orbit
the primary star, the gap deepens slightly, with VA=0.463. If
instead, all planets in multiple systems orbit the secondary
star, the gap depth is reduced to VA=0.521. In perhaps the
more likely scenario, where planets are equally likely to orbit
the primary or secondary stars, the gap is slightly deeper than
with the original radius estimates, at VA=0.468.
We can also compare the planetary radius distribution in
systems with likely bound or unbound stars to the full CKS
radius distribution, shown in Figure 7. We find a significant
fraction of the large planets in the CKS sample have detected
Figure 7. The full distribution of planetary radii (Fulton et al. 2017) from
CKS is plotted in black, with the distribution from systems without detected
nearby stars in purple. The radius distribution of the planets in systems with
detected nearby stars that are likely bound and unbound are plotted in orange
and green. Neither distribution has been corrected due to dilution from nearby
stars.
nearby stars (see Section 4.2.2). We also find that the ra-
dius distributions of the set of all small planets (Rp < 3.5R⊕)
and small planets in systems with nearby stars are statistically
similar (p-value>0.85).
There is, however, a possible disparity in the radius distribu-
tion of planets in single and multiple star systems. For small
planets in likely bound systems, no gap in the radius distribu-
tion is apparent. A Kolmogrov-Smirnov test reveals that the
radius distributions (without dilution corrections) of the 781
small planets from the CKS sample in systems without nearby
stars and small planets in systems with likely bound stars (44
planets, as determined in Section 3.1) are significantly dissim-
ilar with 95% confidence (p-value of 0.04).6 This may be a
result of small-number statistics as there are few known bina-
ries hosting small planets. This disparity could, however, be
evidence of the impact companion stars have on the bimodal
distribution of small planets. Robo-AO continues to charac-
terize multiple KOI systems to determine boundness, and we
will revisit this discussion in future papers.
4.2. Stellar Multiplicity and Kepler Planet Candidates
Combining the entire Robo-AO KOI survey, we detect 620
nearby stars around 569 planetary candidate hosts from 3857
targets, for an overall multiplicity fraction of 14.7%±0.6%
within the detectability range of our survey (∼0.′′15–4.′′0,
∆m≤6). With this large dataset we continue our search that
began in Paper I and was updated in Paper III for broad-
scale correlations between the observed stellar multiplicity
and planetary candidate properties. Such correlations provide
an avenue to constrain and test planet formation and evolution
models.
In addition to using a data set nearly twice as large as in
our previous analysis, our stellar characterization of the target
and nearby stars and analysis of physical association probabil-
ities, described in Section 3.1, allow us to attempt to remove
the diluting impact of unbound nearby stars and strengthen
any true correlation discovered. In addition, we use the im-
proved stellar parameters from CKS to search for correlations
in multiplicity and stellar properties such as metallicity and
6 The two distributions are also significantly dissimilar (p-value of 0.05)
when including dilution corrections under the assumption that either the pri-
mary or secondary star is equally likely to be the planet host.
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temperature, that were formerly not well constrained.
Unless noted, all stellar and planetary properties for the
KOIs in this section were obtained from the cumulative planet
candidate list at the NASA Exoplanet Archive7 and have not
been corrected for possible dilution due to the presence of
nearby stars outside the Kepler input catalog. The planet cat-
alog does not correct for dilution from stars detected from
high-resolution imaging as these observations are typically
only available for KOIs and could bias occurrence rate esti-
mates (Thompson et al. 2018).
4.2.1. Stellar Multiplicity and Multiple-planet Systems Revisited
It is thought that the impact of a stellar companion to the
planetary host star should perturb multiple planet systems,
leading to fewer observed multiple transiting systems. Wang
et al. (2014) and Picogna & Marzari (2015) suggests that per-
turbations from the companion star will change the mutual
inclination of planets in the same system. Planets in nearby
orbits are also expected to perturb each other (Rasio & Ford
1996; Wang et al. 2015a), possibly leading to planets being
ejected out of the system (Xie et al. 2014).
We searched for evidence of a disparity in stellar multiplic-
ity between the two planetary populations in Paper I and Pa-
per III. In Paper I, we found single-planet systems exhibiting a
slightly higher nearby star fraction. With several times more
targets used in the analysis in Paper III, we found a slightly
higher nearby star fraction for the multiple-planet systems.
Combining all KOI targets, we again find little difference be-
tween the two populations (displayed in panel a in Figure 8):
a Fischer exact test gives 87% probability the two populations
are drawn from the same distribution.
The full set of KOI targets is likely highly diluted, however,
by false positive planets (Morton & Johnson 2011; Fressin
et al. 2013) and unbound nearby stars (see Section 3.1). In
determining whether a nearby star is bound or not, we first
refer to the results of the photometric-distance estimates. If
the result was of this analysis was uncertain, or if the sys-
tem had not been observed yet, we weight the system us-
ing the probability of association as determined in Section
3.2, based on the separation and contrast of the star with re-
spect to the primary star. We therefore perform cuts to the
set of KOI targets, removing candidate planets, systems with
nearby stars at greater than 2′′separation, and likely unbound
stars, in an attempt to reduce these effects, shown in Figure 8.
We find after all successive cuts, with confirmed planets with
likely bound nearby stars, single-planet systems have slightly
higher nearby star fraction rate than multiple-planet systems:
4.0%±0.6% and 3.0%±0.7%, respectively. A Fischer exact
test gives two-thirds probability (66.5%) that the two popula-
tions are indeed disparate.
It is not clear if this low-significance result is evidence of
the disturbing impact of stellar companions on planetary sys-
tems. Other factors may result in a higher than expect bina-
rity fraction of multiple planet systems, however. Companion
stars can cause orbital migration with Kozai oscillations (Fab-
rycky & Tremaine 2007), shifting multiple planets in the same
system to shorter periods where Kepler has higher sensitivity
to transit events. Binary stars that form together also may
have mutually inclined protoplanetary disks (Mu¨ller & Kley
2012), leading to separate transiting planetary systems around
each star.
7 http://exoplanetarchive.ipac.caltech.edu/
Figure 8. (a) Nearby star fraction within 4′′of KOIs hosting single- and
multiple-planetary systems. Panels (b)-(d) show these fractions after suc-
cessive cuts to (b): remove systems with unconfirmed planets; (c): remove
systems with nearby stars at separations greater than 2′′; (d): remove systems
with stars shown to be likely unbound from observations (see Section 3.1),
and weight systems with nearby stars whose association has not been studied
by the probability of association based on the separation of the nearby star
from the primary star derived from observations (see Figure 1). The number
of systems with nearby stars remaining after each successive cut is anno-
tated in the upper right corner of each panel. In panel (d), the weights of the
systems with nearby stars without association determination were summed
with the number of observed likely bound systems and rounded to the nearest
whole number.
4.2.2. Stellar Multiplicity and Close-in Planets Revisited
It is hypothesized that the presence of a stellar companion
will greatly influence the properties and architecture of plane-
tary systems. Observational evidence suggests that planetary
formation is suppressed in close binaries, resulting in a fifth
of all solar type stars being unable to host planets because of
stellar interactions (Kraus et al. 2016). Perturbations from the
nearby star are thought to drive planets that form at large sep-
arations inward to low-period orbits (Fabrycky & Tremaine
2007; Katz et al. 2011; Naoz et al. 2012), with smaller planets
more susceptible due to weak planet-planet dynamical cou-
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pling (Wang et al. 2015a). Interactions between planets within
the same system, often caused by orbital migration caused
by stellar companions, are thought to eject small planets at a
greater rate than giant planets (Xie et al. 2014). We would ex-
pect then a correlation between binarity and planetary period
for different sized planets.
In our analysis in Paper III, we found little evidence for a
disparity in nearby star fraction for giant (R > 3.9 R⊕) and
small (R < 3.9 R⊕, Neptune radius) planets at short or long
periods. With the combined data set of the Robo-AO KOI sur-
vey, we find a low-significance increase in nearby star fraction
for giant planets at short periods compared to small planets
(see panel a in Figure 9).
We expect that our sample is heavily diluted, however, by
false positive planets (hot Jupiters are expected to have a
higher than average false positive rate Santerne et al. 2012)
and unassociated nearby stars, as discussed in Section 3.1.
We therefore remove contaminating systems in search of any
possible underlying correlation. These cuts are as follows (re-
sulting distributions are shown in Figure 9): remove nearby
stars at separations greater than 2′′, a region where most stars
are highly likely to be unbound; remove unconfirmed plan-
ets; remove systems that have been shown to be likely un-
bound from observations (see Section 3.1), and weight sys-
tems whose probability of association has not been studied by
the percent likelihood of being bound based on their separa-
tion from the host star, as determined from observations.
After successive cuts, we find that giant and small plan-
ets on 1-3 day orbits have a binarity rate of 12.8%+5.6%−2.8% and
2.4%+1.8%−0.9%
8, respectively, a 2.6σ discrepancy. No other period
range shows a significant difference in binarity rate between
the two populations.
This result agrees with the NIR survey of Ngo et al. (2015),
that found hot Jupiter hosts are twice as likely as field stars to
be found in multiple star systems, with a significance of 2.8σ.
They, however, find that 51% of hot Jupiters are hosted by
stars with stellar companions; the discrepancy in the binarity
fractions found in the two surveys likely is a result of differing
observational methods and limits. The binarity fraction for
hot Jupiters in this work does agree with that found by Roell
et al. (2012) of 12% using binary catalogues based primarily
on seeing-limited observations.
4.2.3. Stellar Multiplicity Rates and Host-star Temperature
Revisited
We found that KOIs follow the correlation between multi-
plicity and stellar mass and temperature observed in field stars
(Ducheˆne & Kraus 2013) in Paper III. Many of these field
stars likely host their own non-aligned planets. Restricting our
sample to the likely bound nearby stars with separations less
than 2.′′0 (as discussed in Section 3.1), we find that the trend
remains for the entire set of observations from the Robo-AO
KOI survey, as seen in Figure 10. The majority of stars in the
CKS survey are solar-type, with effective stellar temperatures
between 4500 and 6500 K. The trend relating multiplicity and
effective temperature is expected to be negligible in that com-
pact range of stellar temperatures, and indeed, no significant
trend is apparent as seen in Figure 11.
4.2.4. Stellar Multiplicity and Metallicity of KOIs
8 Errors for both populations are based on Poissonian statistics (Burgasser
et al. 2003)
Figure 9. (a) 1σ uncertainty regions for the nearby star fraction as a function
of KOI period for two different planetary populations. Panels (b)-(d) show
these regions after successive cuts to (b): remove systems with nearby stars at
separations greater than 2′′; (c): remove systems with unconfirmed planets;
(d): remove systems with stars shown to be likely unbound from observations
(see Section 3.1), and weight the systems with nearby stars not characterized
with multi-band photometry based on their separation and magnitude differ-
ence with respect to the primary star (see Figure 1). The number of systems
with nearby stars remaining after each successive cut is annotated in the up-
per right corner of each panel. In panel (d), the weights of systems with
uncharacterized nearby stars were summed with number of observed likely
bound systems and rounded to the nearest whole number.
The relationship between stellar multiplicity and metal-
licity is not well understood. Early studies suggested that
metal-poor stars possessed fewer stellar companions (Kopal
1959; Jaschek & Jaschek 1959; Batten 1973; Abt & Will-
marth 1987). A previous Robo-AO survey (Ziegler et al.
2015) found low-metallicity cool subdwarf stars had binary
fractions ∼3× lower than similar solar-metallicity dwarf stars.
More recent studies, however, have suggested that multiplic-
ity rates decrease with metallicity (Carney et al. 1987, 1994).
In particular, Grether & Lineweaver (2007) found a ∼2σ anti-
correlation between metallicity and companion stars. Plane-
tary systems do seem to occur more frequently in metal-rich
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Figure 10. Fraction of KOIs with detected nearby (≤2′′) stars as a function
of stellar effective temperature.
Figure 11. Fraction of KOIs with detected nearby (≤4′′) stars as a function
of stellar effective temperature, using estimates from the California Kepler
Survey (Johnson et al. 2017).
stars (Fischer & Valenti 2005; Grether & Lineweaver 2007).
We can use the multiplicity fraction of planet candidate
hosting stars as a function of metallicity to determine how
these stars compare to field stars. For this analysis, we use the
precise metallicity ([Fe/H]) estimates from the CKS (Johnson
et al. 2017) which have typical uncertainties of 0.05 dex.
We may expect to see a correlation between metallicity and
nearby star fraction rate in the full set of KOIs since our sam-
ple likely has a high number of unbound stars (see Section 3.1.
A higher fraction of these nearby stars are from low Galac-
tic latitudes where the observed stellar density is greater (see
Section 3.3). Grether & Lineweaver (2007) found that stars
at low b, citizens of the Galactic thick disk which have higher
average metallicity (Ishigaki et al. 2012), shows a ∼4 times
higher binary fraction than halo stars.
For the set of all KOIs, the nearby star fraction within
4′′visually appears to correlate slightly with metallicity, as
shown in panel a in Figure 12. A Fisher exact test suggests
however with high probability (∼99%) that sub- and super-
solar metallicity KOIs are similar populations, with nearby
star fraction rates of 14.1%±1.7% and 14.1%±1.4%, respec-
tively.
If we remove any systems with nearby stars at separa-
tions greater than 2′′, which are likely to be unbound as dis-
cussed in Section 3.1, we find that the nearby star fraction rate
slightly decreases as metallicity increases, shown in panel b of
Figure 12. With the decreased separation limit, sub-solar and
super-solar metallicity KOIs have nearby star fraction rates of
Figure 12. (a) Nearby star fraction as a function of KOI metallicity ([Fe/H])
using CKS estimates (Johnson et al. 2017). Panels (b) and (c) show these
regions after successive cuts to (b): remove systems with nearby stars at sep-
arations greater than 2′′; (c): remove systems with unconfirmed planets. The
number of systems with nearby stars remaining after each successive cut is
annotated in the upper right corner of each panel.
7.7%±1.3% and 5.9%±0.9%, respectively; a Fisher exact test
gives a 28% probability that the two populations are distinct.
Finally, when we limit the sample to confirmed planets,
shown in panel c of Figure 12, no significant trend is appar-
ent between stellar binarity of planet hosting stars and stel-
lar metallicity. Now, a Fischer exact tests suggests with 87%
probability that sub- and super-solar are similar stellar popu-
lations, binarity rates of 5.4%±1.3% and 5.9%±1.2%, respec-
tively.
5. CONCLUSION
Combining the data sets from the complete Robo-AO KOI
survey, we found 630 nearby stars around 569 planetary can-
didate hosts, from a target list of 3857 KOIs, implying a
nearby star fraction rate of 14.7%±0.6% within the Robo-AO
detectability range (separations between ∼0.′′15 and 4.′′0 and
∆m≤6).
We used galactic stellar models and the observed stellar
density to estimate the number and properties of unbound
stars detected in the survey. We characterized the primary
and nearby star in 145 KOI systems reobserved with Robo-
AO in multiple visible bands. We quantified the probability
of association for these systems, and derive corrected plane-
10 Ziegler et al.
tary radii for planetary candidates within these systems. With
the sample in this work and previously published datasets, we
find that most stars within 1′′of a KOI are likely bound.
We corrected the estimated planetary radii for planets
within the 145 reobserved systems. We found that the plan-
etary radii in likely bound systems will increase on average
by a factor of 1.77, if either star is equally likely to host the
planet. We found that the gap detected in the radius distribu-
tion of small planets is robust to the impact of dilution. We
also found a low-significance disparity between the radius dis-
tribution of small planets in single and binary systems.
We found that giant planets at low periods are several times
more likely be found in systems with stellar companions than
other planets. We found that single and multiple planet sys-
tems are equally likely to orbit in binary star systems. We
found that KOIs follow trends observed in field stars with re-
spect to the relationship between stellar multiplicity and stel-
lar effective temperature and metallicity.
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Table 2
Photometric parallax estimates of KOIs and nearby stars
KOI Sep. Est. Prim.a Prim. Dist. Est. Sec.a Sec. Dist. σunassoc ∆mg′ b ∆mr′ c ∆mi′ c ∆mz′ c ∆mJd ∆mHd ∆mK d
(”) SpT (pc) SpT (pc)
1 1.13 G2 202+34−41 K7 275
+63
−41 1.62 3.98±0.04 3.77±0.03 3.59±0.03 2.8±0.1 2.5±0.1 2.36±0.01f
4 3.42 F3 349+59−71 F5 1999
+393
−344 7.61 4.71±0.01 4.61±0.03 4.43±0.02 4.23±0.01
13 1.16 B8 786+132−159 A4 414
+90
−65 3.33 0.24±0.01 0.29±0.05 0.18±0.03 0.14±0.01
f
42 1.74 F9 95+16−19 K2 137
+30
−22 1.92 2.86±0.03 2.68±0.02 2.54±0.02 2.21±0.03 1.87±0.01f
70 3.86 G6 272+46−55 K7 1086
+171−217 6.68 5.75±0.04 5.2±0.04 4.54±0.12 4.44±0.02 4.14±0.03f
75 3.47 G0 162+27−33 G2 3224+577−594 9.94 6.92±0.23 6.62±0.12 6.58±0.24 6.65±0.1 6.51±0.04
f
97 1.9 F5 573+96−116 F5 3712
+726
−642 7.95 4.36±0.03 4.27±0.05 4.26±0.07
155 4.01 G1 516+87−104 K4 1227
+155
−271 4.61 4.33±0.05 4.38±0.17 4.04±0.19 3.76±0.19
163 1.22 G8 361+61−73 G8 414
+84
−70 0.74 0.55±0.02 0.49±0.02 0.43±0.09
191 1.69 G3 904+152−183 F6 3828
+726
−677 6.73 2.78±0.07 2.81±0.03 2.68±0.19 2.58±0.06
g 2.61±0.05g 2.62±0.06g
200 2.81 G0 795+134−161 K7 1494
+116
−380 3.54 4.66±0.37 4.98±0.72 4.63±0.27 3.43±0.03
229 1.66 G2 884+149−179 F0 3467
+647
−621 6.47 1.62±0.11 1.59±0.1 1.5±0.01
255 3.41 K7 273+46−55 G6 2603
+241
−635 9.53 2.23±0.07 2.5±0.17 2.62±0.17 2.81±0.04 3.66±0.01
f
268 1.81 F5 236+40−48 K7 273
+58
−44 0.78 4.81±0.03 4.11±0.01 3.75±0.01 3.05±0.06g 2.65±0.06g 2.55±0.13g
268 2.5 F5 236+40−48 M1 365
+10
−119 2.36 6.51±0.07 5.59±0.06 4.96±0.07 3.81±0.12g 3.35±0.13g 3.98±0.13g
387 0.98 K3 231+39−47 G5 2086
+389
−374 8.74 3.31±0.09 3.17±0.1 3.35±0.1 4.05±0.04
401 1.99 G6 488+82−99 K7 552
+116
−90 0.67 3.43±0.02 2.95±0.02 2.62±0.02 2.06±0.06g 1.63±0.06g
454 1.49 G8 624+105−126 F6 2863
+567
−490 6.95 2.06±0.01 2.11±0.01 2.18±0.02
472 1.12 G2 1026+173−208 F3 2629
+496
−467 4.77 0.87±0.01 0.91±0.03 1.01±0.41
506 1.13 G1 909+153−184 K1 2099
+407
−365 4.29 3.63±0.07 3.3±0.05 3.14±0.05
510 2.45 G5 679+114−137 K7 733+149−123 0.41 3.61±0.01 2.97±0.03 2.41±0.01 2.21±0.19 1.84±0.01
511 1.28 G1 723+122−146 K7 769
+167
−121 0.33 3.53±0.04 3.16±0.04 3.01±0.28 2.22±0.06g 1.81±0.01g 1.7±0.01g
598 3.17 G8 626+105−127 G5 2796
+486
−525 6.98 3.05±0.03 2.99±0.06 2.86±0.03 2.6±0.06 2.79±0.02
628 1.83 G1 629+106−127 F2 6419
+621
−1549 9.64 3.75±0.05 3.49±0.02 3.24±0.03 3.87±0.06
g
641 2.09 K5 170+29−34 M1 157+44−18 0.41 2.23±0.03 2.01±0.03 1.72±0.13 1.59±0.11 1.04±0.01
641 3.65 K5 170+29−34 M0 99
+33
−8 2.75 0.85±0.03 0.55±0.04 0.28±0.11 0.14±0.06 -0.32±0.01
652 1.23 K0 310+52−63 K7 352
+70
−60 0.69 2.03±0.01 1.46±0.01 1.26±0.01 1.28±0.17 0.9±0.43
688 1.71 F4 972+164−197 F8 1484
+348
−217 2.21 1.96±0.01 1.84±0.01 1.94±0.03 1.55±0.06g 1.37±0.06g
757 2.94 K0 893+150−181 G5 6741
+673
−1612 8.94 3.81±0.05 3.68±0.09 3.38±0.07 3.29±0.14 3.82±0.1
799 1.23h G2 1036+174−210 G0 2182+430−375 3.85 1.97±0.03 1.89±0.04 1.78±0.16 1.65±0.02
h 1.55±0.02h 1.54±0.01h
799 0.82h G2 1036+174−210 M2 924+182−159 0.62 3.07±0.02
h 2.63±0.02h 2.43±0.01h
799 1.63h G2 1036+174−210 K2 3011+627−494 5.25 3.67±0.04h 3.37±0.07h 3.27±0.03h
801 3.67 G2 922+155−186 G8 1895
+377
−323 3.74 2.78±0.07 2.97±0.06 2.75±0.02 2.7±0.08 2.35±0.02
840 3.2 K0 596+100−121 B8 15397
+4786
−1434 9.19 1.75±0.18 2.01±0.04 1.85±0.02 2.81±0.02
840 2.97 K0 596+100−121 F1 8229
+1413
−1558 9.56 3.11±0.18 3.19±0.32 2.58±0.08 3.54±0.02
984 1.8 G6 191+32−39 K4 99
+16
−19 3.48 -0.05±0.01 -0.01±0.01 0.04±0.02 0.15±0.01f
1112 2.95 G0 874+147−177 K7 1367+357−174 2.31 4.47±0.16 3.6±0.14g 2.95±0.08g 2.75±0.07g
1150 0.39 G2 491+83−99 G0 1223
+248
−205 4.61 2.11±0.04 2.08±0.04 2.05±0.03
1151 0.75 G4 449+75−91 K7 741
+163
−116 2.63 3.99±0.05 3.28±0.03 3.29±0.16 2.55±0.06
g 2.4±0.06g
1193 3.08 G5 998+168−202 K3 1641
+336
−274 2.63 3.82±0.02 3.17±0.06 2.95±0.03 2.56±0.09 2.31±0.02
1274 1.1 G8 335+56−68 K7 593
+114−104 3.02 4.09±0.38 3.76±0.1 3.53±0.09 2.8±0.06g 2.5±0.06g
1359 1.43 G1 1103+186−223 K5 1650
+605
−90 1.98 3.81±0.04 3.61±0.11 3.42±0.11 2.16±0.06g
1546 2.93 G2 774+130−156 G6 2572
+668
−330 5.6 4.17±0.09 3.64±0.07 3.5±0.05 3.27±0.3 3.22±0.06g 3.02±0.07g 2.94±0.08g
1573 3.84 G0 778+131−157 G9 3352
+834
−456 6.52 4.84±0.09 4.91±0.09 4.82±0.1 4.69±0.49 4.1±0.06
1593 3.24 G2 1361+229−275 K1 1378
+176
−303 0.07 2.0±0.05 2.16±0.05 1.82±0.07 1.17±0.02
1599 2.98 G2 880+148−178 G0 2179
+450
−360 4.58 2.65±0.01 2.51±0.03 2.34±0.02 2.24±0.07 1.95±0.03
1599 3.42 G2 880+148−178 F0 6303
+838
−1363 8.59 2.71±0.01 2.85±0.06 2.74±0.05 2.72±0.03 2.79±0.03
1619 2.1 K2 118+20−24 M1 163
+23
−34 1.77 3.58±0.01 2.84±0.04 2.48±0.04 2.06±0.13 2.06±0.01f
1630 1.63h G4 991+167−200 K1 928
+191
−154 0.35 1.29±0.02 1.18±0.02 1.09±0.06 0.70±0.01
h 0.58±0.02h 0.56±0.01h
1656 0.96h G1 1003+169−203 F2 3322
+758
−499 5.70 1.67±0.03 1.82±0.02 2.01±0.21 1.72±0.02h 1.50±0.01h 1.46±0.01h
1729 3.83 G9 761+128−154 K3 2394
+508
−386 5.55 4.42±0.13 3.99±0.16 3.67±0.23 3.47±0.18 3.31±0.05
1781 3.64 K2 141+24−29 M3 111+19−21 1.31 4.98±0.07 3.77±0.05 2.58±0.1 2.43±0.04 2.32±0.01f
1792 1.99 G8 188+32−38 F4 655
+158
−93 5.84 0.97±0.04 1.08±0.04 1.19±0.04 1.36±0.01 1.4±0.02
1845 3.04 K0 406+68−82 F8 4966
+1778
−300 8.18 4.47±0.03 4.75±0.07 4.68±0.13 4.26±0.07g 4.83±0.04 4.4±0.09g
1853 0.96 G1 545+92−110 A2 2485
+434
−465 7.05 0.56±0.01 0.66±0.01 0.94±0.15
1908 1.29 K4 338+57−68 M1 861
+82
−209 5.04 4.3±0.23 3.95±0.05 3.45±0.05 2.85±0.04 3.22±0.01f
1943 1.35h G0 525+88−106 F8 1000
+213
−161 3.34 1.63±0.03 1.54±0.05 1.46±0.05 1.18±0.02
h 1.11±0.02h 1.10±0.01h
1995 2.96 G5 969+163−196 B8 83457
+18239
−13101 10.41 5.02±0.21 5.28±0.2 5.33±0.28 5.58±0.32 5.95±0.49
2032 1.19 G2 298+50−60 F2 613
+105
−116 3.8 0.3±0.04 0.32±0.05 0.36±0.05 0.38±0.03 0.41±0.01
2059 0.38 K2 185+31−37 K7 172
+15
−42 0.4 1.22±0.08 1.07±0.06 0.91±0.04 0.1±0.04 0.53±0.15g
2093 2.08 F5 1752+295−354 F7 5105
+1947
−226 4.75 4.6±0.4 3.38±0.02 3.27±0.02 3.14±0.12
2098 2.88 G1 634+107−128 K4 653
+140
−104 0.16 3.01±0.02 2.7±0.01 2.48±0.01 2.24±0.02 1.56±0.01
2098 3.24 G1 634+107−128 G2 1796
+197
−417 5.48 2.49±0.02 2.58±0.05 2.41±0.04 2.38±0.04 2.3±0.01
2100 2.98 G0 834+140−169 K5 736
+232
−66 0.65 3.36±0.11 2.8±0.07 2.3±0.05 2.28±0.12 1.44±0.01
2105 3.01 F9 657+111−133 K0 3892+376−939 8.3 5.52±0.24 5.69±0.14 5.1±0.11 4.99±0.15
2156 3.35 M0 290+49−59 G3 4722
+964
−789 9.53 2.3±0.05 2.79±0.09 3.12±0.11 3.61±0.07 3.94±0.01f
2159 2.0 G1 529+89−107 M0 624
+175
−71 0.86 5.08±0.11 4.26±0.18 3.48±0.02 2.63±0.06g 2.47±0.06g
2169 3.59 G8 223+37−45 M2 283
+56
−48 1.29 5.43±0.03 4.34±0.04 3.8±0.02 3.17±0.01 2.93±0.03 2.78±0.01f
2206 3.28 G4 1026+173−207 G7 1418
+288
−238 1.73 1.66±0.06 1.55±0.07 1.38±0.07 1.22±0.01
2213 3.94 G9 728+122−147 G7 1721+317−311 4.42 1.49±0.01 1.91±0.08 1.84±0.08 1.79±0.03 1.71±0.1
2295 2.19 G8 151+25−31 K3 175
+23
−38 0.83 1.05±0.01 1.05±0.04 1.02±0.02 0.7±0.12 0.92±0.01f
2298 1.57 K2 309+52−62 K7 430
+94
−67 1.75 2.29±0.01 2.02±0.01 1.89±0.01 1.3±0.02
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KOI Sep. Est. Prim.a Prim. Dist. Est. Sec.a Sec. Dist. σunassoc ∆mg′ b ∆mr′ c ∆mi′ c ∆mz′ c ∆mJd ∆mHd ∆mK d
(”) SpT (pc) SpT (pc)
2380 4.01 G2 695+117−140 A9 4352
+889
−726 7.81 2.35±0.06 2.49±0.13 2.52±0.16 2.58±0.13
2443 1.39 F9 712+120−144 K7 1741
+336
−304 4.55 5.61±0.11 5.01±0.08 4.66±0.08 4.13±0.07g 3.63±0.06g
2535 1.73 K1 512+86−104 M1 771+2−236 2.42 3.46±0.04 2.83±0.05 2.13±0.11 2.51±0.01
2542 0.88 M2 151+25−30 M4 120
+37
−12 1.16 1.64±0.06 1.49±0.03 1.21±0.07 0.89±0.06g 0.6±0.05g
2547 2.79 G0 700+118−141 K3 2118
+443
−347 5.41 4.98±0.04 4.62±0.09 4.33±0.22 3.93±0.03
2598 0.99h G0 733+123−148 F7 999
+259
−129 1.62 0.72±0.02 0.77±0.03 0.97±0.08 0.25±0.01h
2807 3.93 F5 916+154−185 G5 1091
+177−214 0.96 2.16±0.01 2.06±0.02 1.99±0.02 1.83±0.05 1.57±0.04 1.31±0.05 1.32±0.06
2856 2.31 G2 1191+200−241 G6 4750
+765
−935 6.65 3.98±0.02 4.01±0.3 3.7±0.15 3.5±0.05
2862 0.68 K7 382+64−77 M0 310
+60
−54 1.13 0.34±0.06 0.26±0.03 0.24±0.09 0.00±0.06
2880 3.39 G8 1020+172−206 K5 1017
+190
−182 0.01 2.0±0.09 1.8±0.13 1.6±0.14 1.47±0.23 0.75±0.01 0.64±0.1
2910 3.15 K0 662+111−134 A5 4137+971−603 7.64 0.51±0.01 0.6±0.02 0.75±0.03 0.98±0.05 1.17±0.01
2914 3.8 F4 492+83−100 G2 3887
+704
−711 8.5 5.92±0.02 5.74±0.06 5.62±0.19 5.52±0.04
2927 1.39 G2 1479+249−299 K4 1894
+435
−283 1.31 3.29±0.08 2.93±0.16 2.49±0.08
2949 2.36 G1 499+84−101 G2 3010
+632
−490 7.68 4.4±0.12 4.38±0.03 4.15±0.07 3.98±0.12 4.29±0.02 3.86±0.1
2976 2.02 G7 1063+179−215 G6 3991
+748
−712 6.32 3.37±0.15 3.17±0.16 2.61±0.07 2.82±0.05
3002 0.84 G2 474+80−96 A7 3092
+463
−632 8.24 2.07±0.02 2.01±0.04 2.35±0.37
3066 3.41 G8 967+163−196 K5 1430
+231
−281 2.12 2.85±0.03 2.83±0.09 2.56±0.06 1.82±0.03
3069 1.93 G3 866+146−175 K2 1006
+207
−167 0.81 2.51±0.04 2.31±0.02 2.04±0.03 1.57±0.06
g 1.31±0.06g 1.26±0.06g
3073 1.3 G7 589+99−119 G2 1695
+256
−345 5.4 1.85±0.01 1.69±0.02 1.63±0.05 1.75±0.01
3120 1.09h G1 1013+170−205 F5 2104
+337
−415 3.87 1.14±0.09 0.75±0.08 0.83±0.03
h 0.79±0.02h 0.80±0.01h
3136 1.79h K1 751+126−152 K5 1523
+383
−205 3.57 3.05±0.13 2.88±0.06 2.34±0.03
h 2.21±0.04h 2.02±0.03h
3158 2.1 K2 31+5−6 M0 54
+9
−10 3.04 3.41±0.09 2.9±0.04 2.38±0.06 2.44±0.04 2.23±0.06
3190 2.68 G5 240+40−49 K2 1309
+660
−53 5.33 6.31±0.09 6.15±0.23 5.94±0.23 5.43±0.04 3.96±0.03
3277 2.45 F5 590+99−119 F9 4528
+869
−794 8.37 5.72±0.09 5.61±0.18 5.49±0.13 5.31±0.22
3277 3.41 F5 590+99−119 G6 2371+471−405 6.51 5.21±0.09 4.82±0.11 4.96±0.04 4.24±0.05 4.21±0.03
3288 3.17 G5 601+101−122 K3 2030
+408
−344 5.87 4.72±0.04 4.49±0.06 4.51±0.05 3.78±0.04
3288 3.5 G5 601+101−122 K0 3340
+176
−907 8.39 4.04±0.04 4.84±0.03 4.65±0.04
3309 3.71 G8 561+94−113 G6 2228
+460
−369 6.44 2.98±0.04 3.05±0.05 2.89±0.06 2.9±0.01 2.82±0.01
f
3324 3.84 G5 1287+216−260 F8 5517
+1526
−645 6.39 3.23±0.01 3.04±0.04 3.24±0.07 2.69±0.04
3341 3.23 G0 980+165−198 K4 2602
+622
−371 4.78 5.46±0.71 5.02±0.2 4.72±0.1 4.41±0.23 3.73±0.07
3418 1.13 G2 1200+202−243 A5 7522
+1521
−1266 7.83 1.75±0.05 1.94±0.05
3439 3.42 F2 1272+214−257 G3 3250
+612
−578 4.76 4.38±0.02 4.22±0.08 3.94±0.05 3.77±0.18 3.44±0.1
3459 3.35 G1 1106+186−224 F2 5344
+1219
−804 6.97 2.54±0.02 2.4±0.14 2.39±0.3 2.26±0.02
3468 1.49 G0 667+112−135 A9 5077
+1057
−833 8.25 3.24±0.05 3.22±0.03 3.18±0.04
3497 0.78 K4 181+30−37 M0 224
+46
−37 1.14 1.86±0.02 1.68±0.01 1.45±0.01 1.31±0.47
3791 3.5 F5 824+139−167 F5 1844
+376
−308 4.13 2.16±0.03 2.02±0.02 1.94±0.02 1.9±0.01 1.78±0.01
3856 2.54 G1 450+76−91 A2 6267
+1058
−1199 9.6 3.31±0.1 3.32±0.02 3.27±0.02 3.31±0.04 3.42±0.01
3928 2.96 F5 672+113−136 F6 958
+179
−171 1.91 1.4±0.06 1.41±0.03 1.33±0.03 1.3±0.03 1.09±0.01
4004 1.93 G4 334+56−68 M1 391
+108
−45 0.81 4.84±0.03 3.81±0.03 3.33±0.01 3.42±0.01 2.37±0.08
g
4053 4.11 G0 405+68−82 K2 2768
+413
−568 8.36 6.16±0.01 6.25±0.21 6.03±0.18 5.72±0.19
4166 3.54 G5 947+159−192 K5 1636
+321
−282 2.89 4.3±0.05 4.12±0.58 3.77±0.61 2.67±0.02
4343 0.85h G1 573+96−116 F3 1737
+378
−274 5.39 1.45±0.03 1.48±0.01 1.56±0.02 1.43±0.02h 1.47±0.03h 1.43±0.01h
4343 3.68 G1 573+96−116 G2 6585
+776
−1493 9.69 5.84±0.02 5.57±0.13 5.1±0.14 5.21±0.34 5.34±0.2
4366 2.46 G6 991+167−201 G8 4128
+756
−749 6.7 3.51±0.08 3.64±0.08 3.59±0.06 3.5±0.31
4407 2.54 F9 209+35−42 K4 271
+62
−40 1.36 3.18±0.02 2.91±0.02 2.73±0.01 2.28±0.49g 1.95±0.71g 1.89±0.34g
4443 3.41 F3 1077+181−218 K5 1548
+423
−184 1.87 5.96±0.1 4.87±0.07 4.91±0.06 3.96±0.11 3.53±0.02
4463 2.45 G8 651+110−132 K5 441
+40
−108 2.16 0.03±0.03 0.15±0.01 0.27±0.04 0.16±0.1g 0.24±0.08g 0.25±0.07g
4495 3.06 G1 1178+198−238 K1 3168
+738
−466 4.85 4.45±0.15 4.23±0.16 4.07±0.17 3.83±0.43 3.38±0.03
4495 3.41 G1 1178+198−238 F8 3415
+1097
−293 4.9 2.89±0.15 2.85±0.05 2.79±0.08 2.68±0.07 2.17±0.03
4582 2.71 G3 232+39−47 F5 5347
+893
−1030 10.18 5.92±0.09 5.87±0.09 5.79±0.14 6.09±0.03f
4582 3.55 G3 232+39−47 F0 2131
+374
−398 8.85 2.52±0.04 2.81±0.13 2.93±0.16 3.0±0.19 3.09±0.01 3.4±0.01f
4630 3.94 G2 883+149−179 F3 3539
+737
−581 6.46 2.33±0.08 2.24±0.04 2.13±0.13 2.06±0.13
4655 3.17 G2 1191+200−241 M1 853
+57
−302 1.69 3.45±0.16 3.53±0.58 2.3±0.03
4661 3.93 K0 515+87−104 K7 586
+66
−135 0.72 3.26±0.02 2.79±0.09 2.59±0.04 2.21±0.1 1.54±0.07 1.36±0.06 1.41±0.08
4699 4.01 F4 621+105−126 K1 3208
+414−702 7.68 6.85±0.06 6.33±0.12 5.95±0.14 5.47±0.16 5.54±0.09
4713 1.72 G5 530+89−107 F3 1023
+186
−187 3.46 0.32±0.02 0.28±0.01 0.24±0.03 0.03±0.01
4750 2.09 G2 1367+230−276 A9 8147
+1898
−1197 7.53 2.33±0.06 2.5±0.02 2.67±0.04 2.34±0.02
4759 0.64h G1 993+167−201 K1 1762
+470
−217 2.91 2.34±0.23i 2.27±0.18i 2.65±0.08h 2.37±0.07h 2.17±0.06h
4759 0.71h G1 993+167−201 K3 1921+424−281 3.34 2.34±0.23i 2.27±0.18i 2.75±0.10h 2.53±0.08h 2.34±0.09h
4823 1.4 G9 246+41−50 G8 297
+51
−57 1.02 0.7±0.01 0.58±0.01 0.59±0.01
4881 3.42 F7 644+108−130 A2 6420
+1814
−723 8.32 3.69±0.05 3.31±0.1 3.06±0.06 2.86±0.11 2.73±0.01
5101 1.24 F4 681+115−138 A1 6479
+1308
−1092 8.74 3.07±0.06 3.27±0.05
5640 0.53 G9 157+26−32 K7 241
+45
−43 2.31 3.1±0.03 2.58±0.02 2.33±0.04
5665 2.11 F9 227+38−46 K1 394
+150
−18 2.66 3.29±0.01 3.06±0.01 2.92±0.01 3.23±0.01 2.27±0.02
5790 3.69 K1 682+115−138 F8 948
+340
−57 1.64 -0.96±0.02 -0.6±0.07 -0.52±0.09 0.52±0.15 -0.52±0.02 -0.41±0.06 -0.35±0.07
5885 3.42 G5 865+146−175 A3 21222
+3990
−3779 10.07 4.0±0.03 4.0±0.05 3.94±0.05 4.1±0.11 4.46±0.12
6104 1.84 G2 825+139−167 K7 1037
+418
−30 1.12 4.49±0.03 4.46±0.03 3.28±0.12
6111 2.14 F4 669+113−135 B8 13444
+3749
−1549 9.21 3.33±0.2 3.56±0.02 3.91±0.09 3.93±0.2
6120 3.85 G2 1176+198−238 G7 2386
+428
−439 3.71 2.84±0.02 2.71±0.09 2.48±0.06 2.1±0.21
6132 1.23 G0 846+142−171 G1 1250+285−188 2.06 1.54±0.05 1.47±0.04 1.18±0.06
6256 3.05 K1 691+116−140 F0 5951
+1644
−696 8.1 1.63±0.03 1.55±0.11 1.66±0.25 2.15±0.02
6329 1.19h F4 993+167−201 F7 1492
+281
−265 2.18 2.06±0.07 1.97±0.06 1.48±0.02
h 1.37±0.02h 1.35±0.01h
6384 3.53 G2 1453+245−294 F0 7628
+613
−1926 8.02 2.07±0.03 2.05±0.1 1.94±0.08 1.77±0.13 2.11±0.03
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KOI Sep. Est. Prim.a Prim. Dist. Est. Sec.a Sec. Dist. σunassoc ∆mg′ b ∆mr′ c ∆mi′ c ∆mz′ c ∆mJd ∆mHd ∆mK d
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6475 1.31 K7 147+25−30 K5 218+42−38 2.09 0.42±0.05 0.51±0.05 0.62±0.05
6600 2.36 G1 158+27−32 M2 193+51−24 1.03 5.91±0.08 5.19±0.04 4.45±0.06 3.6±0.03 3.05±0.03
6783 3.25 G2 1230+207−249 G2 5058
+924
−920 6.66 3.94±0.15 3.52±0.23 3.21±0.11 3.1±0.07
6793 2.84 G7 659+111−133 B8 39018+6303−7663 10.8 4.09±0.03 3.55±0.16 3.23±0.13 3.49±0.24 4.72±0.11
7129 1.18h G1 611+103−124 K2 867+147−166 1.90 2.84±0.01 2.48±0.01 2.19±0.03 1.92±0.01
h 1.78±0.02h 1.72±0.01h
7205 0.89h G2 647+109−131 F5 1070+227−173 2.65 0.46±0.02 0.47±0.05 0.59±0.02 0.45±0.02h
7546 2.93 A6 965+162−195 F2 9286
+1410
−1886 9.11 6.54±0.06 6.12±0.09 5.96±0.14 5.81±0.08
7572 2.97 A3 408+69−82 K1 615+177−67 2.1 5.46±0.01 5.16±0.01 5.0±0.03 4.27±0.01
Note. — Rows are colored by the probability of physical association of each nearby star to the KOI: green are likely bound, red are likely unbound, and orange are uncertain.
a
Methodology described in Section 3.1.
b
From PANSTARRs (Chambers et al. 2016).
c
From observations at Robo-AO KP described in Section 2.1.
d
From UKIRT (Lawrence et al. 2007) unless noted.
e
From California Kepler Survey (Johnson et al. 2017).
f
From Kraus et al. (2016).
g
From Atkinson et al. (2017).
h
From Keck NIRC-2 observations, as described in Section 2.2.
i
Blended Robo-AO photometry of close binary resolved with Keck-AO, not used in stellar characterization.
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Table 3
Implications on Derived Radius of Kepler Planetary Candidates
Object Sep. ∆mi′ a Rp/R?b R?,target R?,secondary Rp,0c Rp,prim.d Rp,sec.e
(′′) (mags) (R) (R) (R⊕) (R⊕) (R⊕)
0001.01 1.13 3.77 0.1239 1.12+0.12−0.09 0.75
+0.03
−0.03 13.0
+0.5
−0.5 13.2
+0.5
−0.5 49.9
+6.3
−6.4
0004.01 3.42 4.61 0.0396 1.39+0.15−0.09 1.35
+0.15
−0.11 12.9
+1.8
−4.2 13.0
+1.8
−4.2 105
+19
−18
0013.01 1.16 0.29 0.0647 2.48+0.29−0.39 1.78
+0.08
−0.11 21.4
+6.3
−9.5 28.5
+8.5
−12.6 23.3
+5.6
−3.8
0042.01 1.74 2.68 0.0166 1.17+0.11−0.03 0.89
+0.09
−0.03 2.43
+0.12
−0.14 2.53
+0.13
−0.15 6.6
+0.9
−0.7
0070.04 3.86 5.2 0.0083 1.04+0.04−0.08 0.75
+0.04
−0.07 0.84
+0.09
−0.08 0.84
+0.09
−0.08 6.7
+0.9
−0.9
0070.05 3.86 5.2 0.0089 1.04+0.04−0.08 0.75
+0.04
−0.08 0.9
+0.1
−0.08 0.9
+0.1
−0.08 7.1
+1.0
−1.0
0070.01 3.86 5.2 0.0296 1.04+0.04−0.08 0.75
+0.03
−0.09 2.99
+0.33
−0.27 3.0
+0.33
−0.27 23.7
+2.8
−3.6
0070.02 3.86 5.2 0.0176 1.04+0.04−0.08 0.75
+0.04
−0.07 1.78
+0.19
−0.16 1.79
+0.19
−0.16 14.1
+2.0
−1.9
0070.03 3.86 5.2 0.0257 1.04+0.04−0.08 0.75
+0.04
−0.04 2.59
+0.29
−0.23 2.6
+0.29
−0.23 20.6
+3.0
−2.0
0075.01 3.47 6.62 0.0372 1.16+0.03−0.1 1.12
+0.08
−0.05 10.2
+0.9
−1.3 10.2
+0.9
−1.3 207
+35
−14
0097.01 1.9 4.27 0.0799 1.35+0.19−0.09 1.35
+0.06
−0.09 16.7
+1.0
−0.7 16.8
+1.1
−0.7 120
+14
−21
0155.01 4.01 4.04 0.0253 1.15+0.05−0.12 0.82
+0.01
−0.05 3.24
+0.5
−0.54 3.28
+0.51
−0.55 15.0
+2.1
−1.5
0163.01 1.22 0.49 0.0248 0.99+0.1−0.08 0.99
+0.08
−0.1 2.08
+0.14
−0.09 2.66
+0.18
−0.12 3.3
+0.6
−0.6
0191.01 1.69 2.81 0.1124 1.1+0.13−0.09 1.28
+0.14
−0.11 10.9
+1.1
−0.8 11.3
+1.2
−0.9 47.8
+10.2
−8.6
0191.02 1.69 2.81 0.0232 1.1+0.13−0.09 1.28
+0.11
−0.07 2.25
+0.23
−0.17 2.33
+0.24
−0.18 9.9
+1.8
−1.5
0191.03 1.69 2.81 0.0123 1.1+0.13−0.09 1.28
+0.02
−0.12 1.2
+0.12
−0.09 1.24
+0.12
−0.09 5.3
+0.6
−1.0
0191.04 1.69 2.81 0.0214 1.1+0.13−0.09 1.28
+0.11
−0.07 2.07
+0.21
−0.16 2.15
+0.22
−0.17 9.1
+1.7
−1.4
0200.01 2.81 4.63 0.0875 1.16+0.11−0.05 0.75
+0.06
−0.06 14.3
+0.9
−1.3 14.4
+0.9
−1.4 78.1
+10.0
−12.6
0229.01 1.66 1.59 0.0492 1.12+0.14−0.12 1.52
+0.07
−0.17 5.81
+1.6
−0.94 6.45
+1.78
−1.05 18.1
+3.1
−3.8
0255.01 3.41 2.5 0.0443 0.75+0.08−0.04 1.04
+0.09
−0.14 2.47
+0.17
−0.21 2.59
+0.18
−0.22 11.4
+1.6
−2.6
0255.02 3.41 2.5 0.0135 0.75+0.08−0.04 1.04
+0.07
−0.06 0.75
+0.05
−0.06 0.79
+0.05
−0.06 3.5
+0.4
−0.5
0255.03 3.41 2.5 0.0103 0.75+0.08−0.04 1.04
+0.04
−0.06 0.57
+0.04
−0.05 0.6
+0.04
−0.05 2.6
+0.2
−0.4
0268.01 1.81 4.11 0.0204 1.35+0.08−0.06 0.75
+0.01
−0.08 3.02
+0.14
−0.15 3.05
+0.14
−0.15 11.2
+0.6
−1.7
0268.01 2.5 5.59 0.0204 1.35+0.08−0.06 0.66
+0.04
−0.01 3.02
+0.14
−0.15 3.03
+0.14
−0.15 19.5
+2.0
−1.3
0387.01 0.98 3.17 0.034 0.87+0.03−0.04 1.06
+0.07
−0.09 2.46
+0.1
−0.13 2.53
+0.1
−0.13 13.3
+1.5
−1.5
0401.01 1.99 2.95 0.0405 1.04+0.07−0.12 0.75
+0.03
−0.04 4.15
+0.49
−0.32 4.28
+0.51
−0.33 12.0
+2.1
−1.3
0401.02 1.99 2.95 0.0417 1.04+0.07−0.12 0.75
+0.05
−0.05 4.28
+0.5
−0.33 4.42
+0.52
−0.34 12.4
+2.5
−1.6
0401.03 1.99 2.95 0.0162 1.04+0.07−0.12 0.75
+0.02
−0.02 1.67
+0.19
−0.13 1.72
+0.2
−0.13 4.8
+0.7
−0.4
0454.01 1.49 2.11 0.0301 0.99+0.05−0.06 1.28
+0.09
−0.04 2.64
+0.43
−0.22 2.82
+0.46
−0.24 9.6
+1.4
−0.7
0472.01 1.12 0.91 0.0343 1.12+0.07−0.03 1.39
+0.08
−0.18 3.16
+0.93
−0.31 3.78
+1.12
−0.38 7.1
+0.6
−1.3
0506.01 1.13 3.3 0.0296 1.15+0.06−0.11 0.91
+0.09
−0.08 3.27
+1.05
−0.36 3.35
+1.08
−0.37 12.1
+2.7
−1.6
0510.01 2.45 2.41 0.0225 1.06+0.11−0.1 0.75
+0.06
−0.04 2.59
+0.38
−0.27 2.73
+0.4
−0.29 5.8
+1.2
−0.8
0510.02 2.45 2.41 0.0251 1.06+0.11−0.1 0.75
+0.01
−0.02 2.89
+0.42
−0.3 3.04
+0.44
−0.32 6.5
+0.8
−0.8
0510.03 2.45 2.41 0.0235 1.06+0.11−0.1 0.75
+0.06
−0.05 2.7
+0.39
−0.28 2.84
+0.41
−0.3 6.1
+1.2
−0.9
0510.04 2.45 2.41 0.0283 1.06+0.11−0.1 0.75
+0.04
−0.06 3.26
+0.47
−0.34 3.43
+0.5
−0.36 7.3
+1.2
−1.2
0511.01 1.28 3.16 0.0231 1.15+0.1−0.11 0.75
+0.05
−0.02 2.36
+0.55
−0.42 2.42
+0.57
−0.43 6.8
+1.3
−0.7
0511.02 1.28 3.16 0.0126 1.15+0.1−0.11 0.75
+0.08
−0.02 1.28
+0.3
−0.22 1.31
+0.31
−0.23 3.7
+0.8
−0.4
0598.01 3.17 2.86 0.025 0.99+0.09−0.1 1.06
+0.07
−0.09 2.15
+0.36
−0.18 2.23
+0.37
−0.19 8.9
+1.7
−1.5
0598.02 3.17 2.86 0.0199 0.99+0.09−0.1 1.06
+0.08
−0.04 1.71
+0.28
−0.15 1.77
+0.29
−0.16 7.1
+1.4
−0.8
0628.01 1.83 3.49 0.0243 1.15+0.07−0.08 1.44
+0.13
−0.15 2.88
+0.45
−0.37 2.94
+0.46
−0.38 18.4
+3.2
−2.9
0641.01 2.09 1.72 0.0383 0.79+0.02−0.04 0.66
+0.05
−0.04 2.73
+0.08
−0.12 3.0
+0.09
−0.13 5.5
+0.8
−0.5
0641.01 3.65 0.28 0.0383 0.79+0.02−0.04 0.71
+0.08
−0.01 2.73
+0.08
−0.12 3.63
+0.11
−0.17 3.7
+0.6
−0.1
0652.01 1.23 1.46 0.0497 0.94+0.01−0.04 0.75
+0.06
−0.02 4.43
+0.38
−0.23 4.97
+0.43
−0.26 7.7
+1.0
−0.2
0688.01 1.71 1.84 0.0164 1.37+0.07−0.08 1.2
+0.01
−0.06 3.54
+0.69
−0.85 3.85
+0.75
−0.93 7.8
+0.6
−0.8
0757.01 2.94 3.38 0.0622 0.94+0.08−0.07 1.06
+0.08
−0.04 5.76
+0.22
−0.49 5.89
+0.23
−0.5 31.4
+5.2
−3.6
0757.02 2.94 3.38 0.0417 0.94+0.08−0.07 1.06
+0.1
−0.08 3.86
+0.15
−0.33 3.94
+0.15
−0.34 21.0
+3.9
−3.2
0757.03 2.94 3.38 0.0286 0.94+0.08−0.07 1.06
+0.11
−0.11 2.65
+0.1
−0.23 2.71
+0.1
−0.24 14.4
+2.9
−2.6
0799.01 1.23 1.89 0.3052 1.12+0.03−0.08 1.16
+0.04
−0.0 32.4
+9.0
−4.8 35.2
+9.8
−5.3 86.6
+10.0
−2.7
0801.01 3.67 2.75 0.0805 1.12+0.04−0.1 0.99
+0.06
−0.07 9.73
+1.41
−1.42 10.1
+1.5
−1.5 31.6
+5.2
−3.2
0840.01 3.2 1.85 0.104 0.94+0.08−0.07 2.48
+0.4
−0.27 8.99
+0.8
−0.99 9.77
+0.88
−1.08 60.4
+15.7
−11.1
0840.01 2.97 2.58 0.104 0.94+0.08−0.07 1.47
+0.17
−0.14 8.99
+0.8
−0.99 9.4
+0.84
−1.04 48.3
+10.2
−8.2
0984.01 1.8 -0.01 0.0257 1.04+0.1−0.01 0.82
+0.05
−0.06 2.29
+0.22
−0.1 3.25
+0.32
−0.15 2.5
+0.2
−0.4
1112.01 2.95 4.47 0.0219 1.16+0.13−0.0 0.75
+0.05
−0.02 2.33
+0.72
−0.29 2.35
+0.73
−0.29 11.8
+0.9
−1.5
1150.01 0.39 2.08 0.008 1.12+0.09−0.07 1.16
+0.08
−0.05 0.9
+0.14
−0.08 0.96
+0.15
−0.09 2.6
+0.4
−0.3
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Table 3 — Continued
Object Sep. ∆mi′ a Rp/R?b R?,target R?,secondary Rp,0c Rp,prim.d Rp,sec.e
(′′) (mags) (R) (R) (R⊕) (R⊕) (R⊕)
1151.01 0.75 3.28 0.0131 1.08+0.08−0.05 0.75
+0.07
−0.08 1.22
+0.13
−0.09 1.25
+0.13
−0.09 3.9
+0.6
−0.6
1151.02 0.75 3.28 0.0101 1.08+0.08−0.05 0.75
+0.04
−0.01 0.94
+0.1
−0.08 0.96
+0.1
−0.08 3.0
+0.3
−0.2
1151.03 0.75 3.28 0.0072 1.08+0.08−0.05 0.75
+0.06
−0.03 0.67
+0.07
−0.06 0.69
+0.07
−0.06 2.1
+0.3
−0.2
1151.04 0.75 3.28 0.0082 1.08+0.08−0.05 0.75
+0.03
−0.02 0.76
+0.08
−0.06 0.78
+0.08
−0.06 2.4
+0.2
−0.2
1151.05 0.75 3.28 0.0086 1.08+0.08−0.05 0.75
+0.04
−0.08 0.8
+0.08
−0.07 0.82
+0.08
−0.07 2.6
+0.3
−0.4
1193.01 3.08 2.95 0.1035 1.06+0.1−0.04 0.87
+0.04
−0.05 10.4
+2.8
−1.9 10.7
+2.9
−2.0 34.3
+3.0
−4.8
1274.01 1.1 3.76 0.0508 0.99+0.06−0.04 0.75
+0.1
−0.06 4.53
+0.35
−0.36 4.6
+0.36
−0.37 19.6
+3.4
−2.5
1359.01 1.43 3.61 0.0343 1.15+0.08−0.11 0.79
+0.07
−0.08 3.19
+0.88
−0.35 3.25
+0.9
−0.36 11.8
+2.4
−1.9
1359.02 1.43 3.61 0.0695 1.15+0.08−0.11 0.79
+0.05
−0.04 6.45
+1.78
−0.71 6.56
+1.81
−0.72 23.9
+4.1
−2.7
1546.01 2.93 3.5 0.1222 1.12+0.04−0.09 1.04
+0.06
−0.04 11.9
+2.9
−1.0 12.2
+2.9
−1.0 56.1
+8.7
−4.4
1573.01 3.84 4.82 0.042 1.16+0.11−0.14 0.97
+0.1
−0.07 4.22
+1.32
−0.44 4.24
+1.33
−0.44 32.5
+8.2
−5.0
1573.02 3.84 4.82 0.0137 1.16+0.11−0.14 0.97
+0.05
−0.06 1.38
+0.43
−0.15 1.39
+0.43
−0.15 10.6
+2.1
−1.5
1593.01 3.24 1.82 0.0209 1.12+0.05−0.09 0.91
+0.11
−0.06 2.08
+0.63
−0.2 2.27
+0.69
−0.22 4.2
+0.9
−0.5
1593.02 3.24 1.82 0.0214 1.12+0.05−0.09 0.91
+0.01
−0.06 2.14
+0.64
−0.22 2.33
+0.7
−0.24 4.4
+0.4
−0.4
1599.01 2.98 2.34 0.0274 1.12+0.09−0.07 1.16
+0.1
−0.11 2.9
+0.87
−0.31 3.06
+0.92
−0.33 9.3
+1.5
−1.5
1599.02 2.98 2.34 0.21 1.12+0.09−0.07 1.16
+0.08
−0.13 22.3
+6.7
−2.4 23.5
+7.1
−2.5 71.4
+9.8
−12.9
1599.01 3.42 2.74 0.0274 1.12+0.09−0.07 1.52
+0.05
−0.13 2.9
+0.87
−0.31 3.01
+0.91
−0.32 14.4
+1.4
−2.2
1599.02 3.42 2.74 0.21 1.12+0.09−0.07 1.52
+0.11
−0.09 22.3
+6.7
−2.4 23.2
+7.0
−2.5 110
+15
−14
1619.01 2.1 2.84 0.0089 0.89+0.01−0.05 0.66
+0.03
−0.01 0.66
+0.03
−0.04 0.68
+0.03
−0.04 1.9
+0.2
−0.1
1630.01 1.63 1.18 0.0152 1.08+0.11−0.13 0.91
+0.08
−0.08 1.4
+0.39
−0.13 1.62
+0.45
−0.15 2.3
+0.6
−0.4
1656.01 0.96 1.82 0.0257 1.15+0.06−0.11 1.44
+0.1
−0.12 3.62
+0.63
−0.45 3.94
+0.69
−0.49 11.4
+2.1
−1.5
1729.01 3.83 3.67 0.1703 0.97+0.08−0.08 0.87
+0.09
−0.08 16.0
+2.6
−2.1 16.3
+2.6
−2.1 79.3
+16.5
−13.3
1781.01 3.64 3.77 0.0442 0.89+0.03−0.05 0.58
+0.08
−0.07 3.47
+0.29
−0.1 3.52
+0.29
−0.1 13.0
+2.7
−2.0
1781.02 3.64 3.77 0.0279 0.89+0.03−0.05 0.58
+0.04
−0.04 2.2
+0.18
−0.07 2.23
+0.18
−0.07 8.3
+1.1
−0.8
1781.03 3.64 3.77 0.0441 0.89+0.03−0.05 0.58
+0.04
−0.04 3.46
+0.29
−0.1 3.51
+0.29
−0.1 13.0
+1.8
−1.2
1792.02 1.99 1.08 0.0065 0.99+0.09−0.07 1.37
+0.14
−0.12 0.77
+0.12
−0.08 0.9
+0.14
−0.09 2.1
+0.4
−0.3
1792.03 1.99 1.08 0.0112 0.99+0.09−0.07 1.37
+0.09
−0.07 1.32
+0.21
−0.13 1.54
+0.25
−0.15 3.5
+0.5
−0.5
1792.01 1.99 1.08 0.0388 0.99+0.09−0.07 1.37
+0.12
−0.13 4.55
+0.73
−0.45 5.33
+0.86
−0.53 12.1
+2.1
−2.1
1845.01 3.04 4.75 0.0218 0.94+0.07−0.06 1.2
+0.12
−0.13 3.97
+2.57
−2.34 3.99
+2.59
−2.35 45.2
+7.7
−7.8
1845.02 3.04 4.75 0.0587 0.94+0.07−0.06 1.2
+0.11
−0.09 10.7
+6.9
−6.3 10.8
+7.0
−6.3 121
+19
−17
1845.01 3.04 4.75 0.0218 0.94+0.07−0.06 1.2
+0.09
−0.14 3.97
+2.57
−2.34 3.99
+2.59
−2.35 45.2
+6.3
−8.1
1845.02 3.04 4.75 0.0587 0.94+0.07−0.06 1.2
+0.03
−0.04 10.7
+6.9
−6.3 10.8
+7.0
−6.3 121
+10
−12
1853.01 0.96 0.66 0.021 1.15+0.11−0.1 1.9
+0.19
−0.12 2.4
+0.43
−0.12 2.98
+0.54
−0.15 6.7
+1.3
−1.0
1908.01 1.29 3.95 0.0205 0.82+0.03−0.02 0.66
+0.0
−0.06 1.34
+0.07
−0.06 1.36
+0.07
−0.06 6.8
+0.2
−0.9
1908.02 1.29 3.95 0.0177 0.82+0.03−0.02 0.66
+0.06
−0.03 1.16
+0.05
−0.06 1.18
+0.05
−0.06 5.9
+0.7
−0.5
1943.01 1.35 1.54 0.0173 1.16+0.12−0.09 1.2
+0.07
−0.1 3.09
+0.67
−0.89 3.44
+0.75
−0.99 7.2
+1.1
−1.2
1995.01 2.96 5.33 0.3117 1.06+0.1−0.05 2.48
+0.26
−0.2 29.2
+7.1
−3.9 29.3
+7.2
−3.9 802
+130
−125
2032.01 1.19 0.32 0.0123 1.12+0.06−0.08 1.44
+0.17
−0.03 2.08
+0.36
−0.55 2.75
+0.48
−0.73 4.1
+0.8
−0.3
2059.01 0.38 1.07 0.0098 0.89+0.03−0.06 0.75
+0.01
−0.06 0.79
+0.06
−0.03 0.93
+0.07
−0.04 1.3
+0.1
−0.1
2059.02 0.38 1.07 0.0054 0.89+0.03−0.06 0.75
+0.06
−0.05 0.44
+0.03
−0.02 0.52
+0.04
−0.02 0.7
+0.1
−0.1
2093.01 2.08 3.27 0.0217 1.35+0.09−0.09 1.21
+0.03
−0.09 20.8
+7.8
−2.6 21.3
+8.0
−2.7 85.8
+8.0
−11.1
2093.02 2.08 3.27 0.0128 1.35+0.09−0.09 1.21
+0.08
−0.08 12.3
+4.6
−1.6 12.6
+4.8
−1.6 50.8
+7.1
−6.3
2093.03 2.08 3.27 0.0104 1.35+0.09−0.09 1.21
+0.1
−0.05 10.0
+3.9
−1.3 10.2
+3.9
−1.3 41.3
+6.3
−4.1
2098.01 2.88 2.48 0.0164 1.15+0.03−0.06 0.82
+0.06
−0.04 2.26
+0.59
−0.49 2.37
+0.62
−0.52 5.3
+0.7
−0.4
2098.02 2.88 2.48 0.0161 1.15+0.03−0.06 0.82
+0.02
−0.04 2.21
+0.59
−0.48 2.32
+0.62
−0.5 5.2
+0.4
−0.4
2098.01 3.24 2.41 0.0164 1.15+0.03−0.06 1.12
+0.06
−0.07 2.26
+0.59
−0.49 2.38
+0.62
−0.52 7.1
+0.8
−0.6
2098.02 3.24 2.41 0.0161 1.15+0.03−0.06 1.12
+0.11
−0.08 2.21
+0.59
−0.48 2.33
+0.62
−0.51 6.9
+1.1
−0.7
2100.01 2.98 2.3 0.0123 1.16+0.1−0.11 0.79
+0.06
−0.07 1.22
+0.37
−0.13 1.29
+0.39
−0.14 2.5
+0.5
−0.4
2105.01 3.01 5.1 0.0117 1.17+0.02−0.16 0.94
+0.08
−0.05 1.25
+0.2
−0.07 1.26
+0.2
−0.07 10.5
+2.8
−0.8
2156.01 3.35 2.79 0.0351 0.71+0.07−0.06 1.1
+0.07
−0.1 1.66
+0.18
−0.2 1.72
+0.19
−0.21 9.7
+1.6
−1.7
2159.01 2.0 4.26 0.0111 1.15+0.13−0.1 0.71
+0.1
−0.09 1.32
+0.2
−0.17 1.33
+0.2
−0.17 5.9
+1.5
−1.2
2159.02 2.0 4.26 0.0112 1.15+0.13−0.1 0.71
+0.06
−0.06 1.33
+0.2
−0.18 1.34
+0.2
−0.18 5.9
+1.1
−1.1
2169.01 3.59 4.34 0.01 0.99+0.05−0.09 0.6
+0.04
−0.05 0.92
+0.1
−0.03 0.93
+0.1
−0.03 4.2
+0.8
−0.5
2169.02 3.59 4.34 0.0074 0.99+0.05−0.09 0.6
+0.02
−0.02 0.68
+0.08
−0.03 0.69
+0.08
−0.03 3.1
+0.4
−0.2
2169.03 3.59 4.34 0.007 0.99+0.05−0.09 0.6
+0.03
−0.05 0.64
+0.07
−0.03 0.65
+0.07
−0.03 2.9
+0.5
−0.4
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Table 3 — Continued
Object Sep. ∆mi′ a Rp/R?b R?,target R?,secondary Rp,0c Rp,prim.d Rp,sec.e
(′′) (mags) (R) (R) (R⊕) (R⊕) (R⊕)
2169.04 3.59 4.34 0.0041 0.99+0.05−0.09 0.6
+0.04
−0.06 0.37
+0.05
−0.01 0.37
+0.05
−0.01 1.7
+0.3
−0.2
2206.01 3.28 1.38 0.0156 1.08+0.16−0.14 1.01
+0.05
−0.05 1.64
+0.45
−0.2 1.86
+0.51
−0.23 3.3
+0.7
−0.6
2213.01 3.94 1.84 0.0189 0.97+0.11−0.04 1.01
+0.1
−0.11 1.6
+0.19
−0.18 1.74
+0.21
−0.2 4.3
+0.6
−0.8
2295.01 2.19 1.05 0.006 0.99+0.04−0.06 0.87
+0.08
−0.02 0.52
+0.05
−0.03 0.61
+0.06
−0.04 0.9
+0.1
−0.1
2298.01 1.57 2.02 0.0122 0.89+0.01−0.05 0.75
+0.05
−0.03 0.7
+0.04
−0.04 0.75
+0.04
−0.04 1.6
+0.2
−0.1
2298.03 1.57 2.02 0.0063 0.89+0.01−0.05 0.75
+0.07
−0.08 0.36
+0.02
−0.02 0.39
+0.02
−0.02 0.8
+0.1
−0.1
2298.02 1.57 2.02 0.011 0.89+0.01−0.05 0.75
+0.04
−0.01 0.63
+0.04
−0.04 0.68
+0.04
−0.04 1.4
+0.2
−0.0
2380.01 4.01 2.52 0.0151 1.12+0.1−0.16 1.57
+0.12
−0.16 1.59
+0.49
−0.17 1.67
+0.51
−0.18 7.4
+1.9
−1.3
2443.01 1.39 5.01 0.0093 1.17+0.01−0.09 0.75
+0.05
−0.03 1.01
+0.15
−0.14 1.01
+0.15
−0.14 6.5
+1.0
−0.3
2443.02 1.39 5.01 0.0091 1.17+0.01−0.09 0.75
+0.1
−0.06 1.0
+0.15
−0.15 1.0
+0.15
−0.15 6.4
+1.5
−0.6
2535.01 1.73 2.83 0.0344 0.91+0.07−0.05 0.66
+0.04
−0.04 2.96
+0.1
−0.17 3.07
+0.1
−0.18 8.2
+1.0
−1.0
2542.01 0.88 1.49 0.0173 0.6+0.04−0.04 0.56
+0.01
−0.05 0.67
+0.11
−0.1 0.75
+0.12
−0.11 1.4
+0.1
−0.2
2547.01 2.79 4.62 0.0135 1.16+0.1−0.09 0.87
+0.08
−0.05 1.48
+0.4
−0.26 1.49
+0.4
−0.26 9.4
+1.8
−1.2
2598.01 0.99 0.77 0.0122 1.16+0.14−0.09 1.21
+0.07
−0.08 1.35
+0.44
−0.15 1.65
+0.54
−0.19 2.5
+0.4
−0.4
2807.01 3.93 1.99 0.0167 1.35+0.09−0.2 1.06
+0.09
−0.06 2.34
+0.72
−0.41 2.52
+0.78
−0.44 4.9
+1.3
−0.6
2856.01 2.31 3.7 0.0242 1.12+0.04−0.15 1.04
+0.05
−0.1 2.88
+0.91
−0.39 2.93
+0.93
−0.4 14.8
+3.1
−1.9
2862.01 0.68 0.26 0.0294 0.75+0.12−0.07 0.71
+0.04
−0.05 1.64
+0.09
−0.11 2.19
+0.13
−0.15 2.3
+0.4
−0.5
2880.01 3.39 1.6 0.0128 0.99+0.03−0.05 0.79
+0.06
−0.03 1.22
+0.3
−0.13 1.35
+0.33
−0.15 2.3
+0.3
−0.1
2910.01 3.15 0.75 0.0193 0.94+0.08−0.04 1.75
+0.21
−0.07 1.8
+0.2
−0.21 2.21
+0.25
−0.26 5.8
+0.9
−0.6
2914.01 3.8 5.74 0.0103 1.37+0.16−0.11 1.12
+0.14
−0.06 2.89
+0.54
−1.02 2.9
+0.54
−1.02 33.4
+7.4
−5.2
2927.01 1.39 2.93 0.0204 1.12+0.16−0.13 0.82
+0.06
−0.06 2.31
+0.7
−0.28 2.39
+0.72
−0.29 6.7
+1.4
−1.3
2949.01 2.36 4.15 0.0071 1.15+0.01−0.15 1.12
+0.15
−0.09 1.04
+0.16
−0.2 1.05
+0.16
−0.2 7.0
+2.1
−0.6
2949.02 2.36 4.15 0.006 1.15+0.01−0.15 1.12
+0.08
−0.16 0.87
+0.14
−0.16 0.88
+0.14
−0.16 5.8
+1.4
−0.9
2976.01 2.02 2.61 0.0282 1.01+0.07−0.04 1.04
+0.13
−0.03 1.94
+0.23
−0.1 2.03
+0.24
−0.11 6.9
+1.1
−0.6
3002.01 0.84 2.01 0.0106 1.12+0.12−0.03 1.68
+0.15
−0.09 1.31
+0.2
−0.2 1.41
+0.22
−0.22 5.3
+0.6
−0.8
3066.01 3.41 2.56 0.0253 0.99+0.07−0.1 0.79
+0.06
−0.05 2.1
+0.33
−0.15 2.2
+0.35
−0.16 5.7
+1.1
−0.7
3069.01 1.93 2.31 0.0157 1.1+0.12−0.07 0.89
+0.08
−0.03 1.88
+0.52
−0.33 1.99
+0.55
−0.35 4.7
+0.8
−0.6
3073.01 1.3 1.69 0.0129 1.01+0.06−0.02 1.12
+0.1
−0.07 1.18
+0.26
−0.09 1.3
+0.29
−0.1 3.1
+0.3
−0.4
3120.01 1.09 0.75 0.0114 1.15+0.08−0.06 1.35
+0.12
−0.08 1.43
+0.23
−0.14 1.75
+0.28
−0.17 2.9
+0.4
−0.3
3136.01 1.79 2.88 0.0124 0.91+0.06−0.07 0.79
+0.04
−0.03 0.93
+0.08
−0.09 0.96
+0.08
−0.09 3.2
+0.4
−0.3
3158.02 2.1 2.9 0.0082 0.89+0.04−0.07 0.71
+0.09
−0.04 0.65
+0.05
−0.03 0.67
+0.05
−0.03 2.0
+0.4
−0.2
3158.03 2.1 2.9 0.0083 0.89+0.04−0.07 0.71
+0.02
−0.01 0.65
+0.05
−0.03 0.67
+0.05
−0.03 2.0
+0.3
−0.1
3158.04 2.1 2.9 0.0079 0.89+0.04−0.07 0.71
+0.05
−0.06 0.62
+0.05
−0.03 0.64
+0.05
−0.03 1.9
+0.3
−0.2
3158.05 2.1 2.9 0.0121 0.89+0.04−0.07 0.71
+0.03
−0.06 0.95
+0.08
−0.04 0.98
+0.08
−0.04 3.0
+0.4
−0.4
3158.01 2.1 2.9 0.0063 0.89+0.04−0.07 0.71
+0.03
−0.04 0.5
+0.04
−0.02 0.52
+0.04
−0.02 1.6
+0.2
−0.1
3190.01 2.68 6.15 0.0065 1.06+0.03−0.02 0.89
+0.05
−0.01 0.86
+0.14
−0.15 0.86
+0.14
−0.15 12.4
+0.8
−0.6
3277.01 2.45 5.49 0.0118 1.35+0.08−0.08 1.17
+0.07
−0.15 3.19
+0.38
−0.83 3.2
+0.38
−0.83 34.8
+4.4
−6.0
3277.01 3.41 4.96 0.0118 1.35+0.08−0.08 1.04
+0.1
−0.05 3.19
+0.38
−0.83 3.21
+0.38
−0.83 24.1
+4.0
−2.3
3288.01 3.17 4.51 0.0313 1.06+0.07−0.11 0.87
+0.09
−0.04 3.35
+0.88
−0.47 3.38
+0.89
−0.47 22.1
+5.2
−2.4
3288.01 3.5 4.65 0.0313 1.06+0.07−0.11 0.94
+0.11
−0.05 3.35
+0.88
−0.47 3.37
+0.89
−0.47 25.6
+6.4
−2.8
3309.01 3.71 2.89 0.0626 0.99+0.08−0.05 1.04
+0.04
−0.09 5.91
+1.22
−0.81 6.11
+1.26
−0.84 24.2
+2.2
−3.8
3324.01 3.84 3.24 0.0275 1.06+0.01−0.07 1.2
+0.09
−0.08 2.37
+0.44
−0.19 2.43
+0.45
−0.2 12.2
+1.9
−0.9
3341.01 3.23 4.72 0.0145 1.16+0.09−0.09 0.82
+0.02
−0.03 2.13
+0.35
−0.42 2.14
+0.35
−0.42 13.3
+1.5
−1.4
3341.02 3.23 4.72 0.01 1.16+0.09−0.09 0.82
+0.06
−0.07 1.48
+0.24
−0.29 1.49
+0.24
−0.29 9.2
+1.5
−1.4
3418.01 1.13 1.94 0.0334 1.12+0.13−0.1 1.75
+0.17
−0.13 3.85
+1.07
−0.71 4.16
+1.16
−0.77 15.8
+3.1
−2.7
3439.01 3.42 3.94 0.0176 1.44+0.01−0.17 1.1
+0.13
−0.05 2.19
+0.63
−0.27 2.22
+0.64
−0.27 10.5
+2.9
−0.6
3459.01 3.35 2.39 0.0185 1.15+0.15−0.09 1.44
+0.12
−0.06 1.75
+0.46
−0.16 1.84
+0.49
−0.17 6.9
+1.2
−1.1
3468.01 1.49 3.22 0.0121 1.16+0.11−0.06 1.57
+0.1
−0.14 3.22
+0.56
−1.04 3.3
+0.58
−1.07 19.7
+2.3
−3.3
3497.01 0.78 1.68 0.0212 0.82+0.09−0.01 0.71
+0.0
−0.03 0.8
+0.12
−0.16 0.88
+0.13
−0.18 1.7
+0.0
−0.2
3791.01 3.5 1.94 0.0476 1.35+0.17−0.05 1.35
+0.05
−0.13 7.23
+2.0
−2.0 7.81
+2.17
−2.16 19.1
+1.4
−3.8
3791.02 3.5 1.94 0.0391 1.35+0.17−0.05 1.35
+0.11
−0.09 5.94
+1.65
−1.64 6.42
+1.79
−1.78 15.7
+2.0
−2.7
3856.01 2.54 3.27 0.2604 1.15+0.12−0.12 1.9
+0.17
−0.19 95.2
+19.2
−61.4 97.5
+19.7
−62.9 728
+158
−136
3928.01 2.96 1.33 0.0077 1.35+0.06−0.05 1.28
+0.05
−0.06 1.45
+0.29
−0.45 1.65
+0.33
−0.51 2.9
+0.2
−0.2
4004.01 1.93 3.81 0.0128 1.08+0.11−0.1 0.66
+0.04
−0.03 1.41
+0.19
−0.13 1.43
+0.19
−0.13 5.1
+0.8
−0.7
4053.01 4.11 6.03 0.0075 1.16+0.11−0.17 0.89
+0.07
−0.02 0.85
+0.13
−0.08 0.85
+0.13
−0.08 10.5
+2.8
−1.1
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Table 3 — Continued
Object Sep. ∆mi′ a Rp/R?b R?,target R?,secondary Rp,0c Rp,prim.d Rp,sec.e
(′′) (mags) (R) (R) (R⊕) (R⊕) (R⊕)
4166.01 3.54 3.77 0.0227 1.06+0.07−0.05 0.79
+0.05
−0.02 2.41
+0.58
−0.21 2.45
+0.59
−0.21 10.4
+1.2
−0.9
4343.01 0.85 1.48 0.0121 1.15+0.03−0.13 1.39
+0.06
−0.14 1.73
+0.25
−0.36 1.94
+0.28
−0.4 4.7
+0.8
−0.5
4343.01 3.68 5.1 0.0121 1.15+0.03−0.13 1.12
+0.04
−0.08 1.73
+0.25
−0.36 1.74
+0.25
−0.36 17.9
+3.1
−1.6
4366.01 2.46 3.59 0.0125 1.04+0.03−0.11 0.99
+0.1
−0.04 1.0
+0.18
−0.08 1.02
+0.18
−0.08 5.1
+1.1
−0.4
4407.01 2.54 2.91 0.0041 1.17+0.08−0.07 0.82
+0.06
−0.04 0.6
+0.09
−0.07 0.62
+0.09
−0.07 1.6
+0.2
−0.2
4443.01 3.41 4.91 0.0078 1.39+0.11−0.1 0.79
+0.06
−0.06 1.22
+0.39
−0.24 1.23
+0.39
−0.24 6.7
+1.1
−0.9
4463.01 2.45 0.15 0.0169 0.99+0.07−0.09 0.79
+0.01
−0.07 1.52
+0.24
−0.19 2.08
+0.33
−0.26 1.8
+0.2
−0.3
4495.01 3.06 4.07 0.013 1.15+0.03−0.09 0.91
+0.11
−0.06 1.39
+0.42
−0.14 1.41
+0.43
−0.14 7.3
+1.5
−0.6
4495.01 3.41 2.79 0.013 1.15+0.03−0.09 1.2
+0.11
−0.11 1.39
+0.42
−0.14 1.44
+0.44
−0.15 5.4
+1.0
−0.6
4582.01 2.71 5.87 0.0036 1.1+0.09−0.06 1.35
+0.21
−0.09 0.35
+0.05
−0.02 0.35
+0.05
−0.02 6.4
+1.4
−0.9
4582.01 3.55 2.93 0.0036 1.1+0.09−0.06 1.52
+0.05
−0.15 0.35
+0.05
−0.02 0.36
+0.05
−0.02 1.9
+0.2
−0.3
4630.01 3.94 2.13 0.0148 1.12+0.09−0.03 1.39
+0.03
−0.07 2.46
+0.45
−0.5 2.63
+0.48
−0.54 8.7
+0.5
−1.1
4655.01 3.17 3.53 0.0134 1.12+0.04−0.05 0.66
+0.04
−0.03 1.15
+0.3
−0.08 1.17
+0.31
−0.08 3.5
+0.4
−0.3
4661.01 3.93 2.59 0.011 0.94+0.07−0.06 0.75
+0.01
−0.05 1.01
+0.04
−0.08 1.06
+0.04
−0.08 2.8
+0.2
−0.4
4699.01 4.01 5.95 0.0074 1.37+0.1−0.16 0.91
+0.13
−0.06 1.08
+0.19
−0.16 1.08
+0.19
−0.16 11.1
+3.2
−1.4
4713.01 1.72 0.28 0.0125 1.06+0.0−0.13 1.39
+0.1
−0.15 1.36
+0.05
−0.05 1.81
+0.07
−0.06 2.7
+0.6
−0.3
4750.01 2.09 2.67 0.0211 1.12+0.06−0.06 1.57
+0.07
−0.16 1.93
+0.51
−0.16 2.01
+0.53
−0.17 9.6
+1.0
−1.4
4759.01 0.64 2.27 0.0149 1.15+0.08−0.08 0.91
+0.06
−0.02 1.54
+0.23
−0.08 1.63
+0.24
−0.09 3.7
+0.6
−0.3
4759.01 0.71 2.27 0.0149 1.15+0.08−0.08 0.87
+0.14
−0.12 1.54
+0.23
−0.08 1.63
+0.24
−0.09 3.5
+0.9
−0.7
4823.01 1.4 0.58 0.0069 0.97+0.03−0.1 0.99
+0.08
−0.08 1.51
+0.75
−0.92 1.9
+0.95
−1.16 2.5
+0.5
−0.3
4881.01 3.42 3.06 0.0067 1.21+0.11−0.12 1.9
+0.16
−0.06 1.16
+0.33
−0.37 1.19
+0.34
−0.38 7.7
+1.5
−0.8
4881.02 3.42 3.06 0.0067 1.21+0.11−0.12 1.9
+0.06
−0.13 1.16
+0.34
−0.37 1.19
+0.35
−0.38 7.7
+1.1
−1.1
5101.01 1.24 3.27 0.01 1.37+0.12−0.16 1.95
+0.14
−0.08 1.64
+0.7
−0.45 1.68
+0.72
−0.46 10.8
+2.3
−1.3
5640.01 0.53 2.58 0.0179 0.97+0.08−0.09 0.75
+0.06
−0.03 9.56
+1.03
−1.48 9.99
+1.08
−1.55 25.3
+4.6
−3.0
5665.01 2.11 3.06 0.007 1.17+0.13−0.07 0.91
+0.03
−0.06 1.33
+0.05
−0.06 1.37
+0.05
−0.06 4.3
+0.4
−0.7
5790.01 3.69 -0.52 0.0476 0.91+0.05−0.04 1.2
+0.12
−0.03 3.71
+0.32
−0.1 6.0
+0.54
−0.18 6.2
+0.9
−0.5
5885.01 3.42 3.94 0.018 1.06+0.07−0.05 1.83
+0.04
−0.27 1.87
+0.8
−0.15 1.89
+0.81
−0.15 20.1
+1.5
−4.0
6104.01 1.84 4.46 0.0236 1.12+0.1−0.07 0.75
+0.04
−0.01 2.38
+0.64
−0.35 2.4
+0.65
−0.35 12.4
+1.4
−1.1
6104.02 1.84 4.46 0.0287 1.12+0.1−0.07 0.75
+0.06
−0.04 2.9
+1.16
−0.37 2.92
+1.17
−0.37 15.1
+2.2
−2.1
6111.01 2.14 3.91 0.0124 1.37+0.11−0.11 2.48
+0.19
−0.24 3.63
+1.27
−1.17 3.68
+1.29
−1.19 40.3
+6.8
−6.5
6120.01 3.85 2.48 0.0154 1.12+0.2−0.1 1.01
+0.07
−0.14 1.7
+0.55
−0.23 1.78
+0.58
−0.24 5.0
+0.9
−1.3
6120.02 3.85 2.48 0.0154 1.12+0.2−0.1 1.01
+0.14
−0.08 1.67
+0.74
−0.16 1.75
+0.78
−0.17 4.9
+1.2
−1.1
6132.01 1.23 1.47 0.0721 1.16+0.07−0.17 1.15
+0.08
−0.03 13.0
+4.0
−3.5 14.6
+4.4
−4.0 28.3
+6.9
−2.4
6132.02 1.23 1.47 0.0324 1.16+0.07−0.17 1.15
+0.13
−0.14 5.83
+1.78
−1.59 6.54
+2.0
−1.79 12.7
+3.8
−2.2
6132.03 1.23 1.47 0.0224 1.16+0.07−0.17 1.15
+0.09
−0.06 4.03
+1.23
−1.1 4.52
+1.39
−1.24 8.8
+2.3
−1.0
6256.01 3.05 1.66 0.0177 0.91+0.08−0.09 1.52
+0.1
−0.15 1.37
+0.19
−0.13 1.51
+0.21
−0.14 5.4
+1.0
−0.9
6329.01 1.19 1.97 0.0089 1.37+0.14−0.09 1.21
+0.13
−0.11 2.06
+0.31
−0.61 2.22
+0.34
−0.66 4.9
+0.9
−0.8
6384.01 3.53 1.94 0.0318 1.12+0.06−0.07 1.52
+0.06
−0.12 2.79
+1.07
−0.22 3.01
+1.16
−0.24 9.9
+1.0
−1.3
6475.01 1.31 0.51 0.0198 0.75+0.05−0.08 0.79
+0.02
−0.04 1.54
+0.03
−0.09 1.96
+0.04
−0.12 2.6
+0.4
−0.3
6600.01 2.36 5.19 0.0066 1.15+0.11−0.04 0.6
+0.05
−0.03 0.69
+0.25
−0.09 0.69
+0.25
−0.09 4.0
+0.5
−0.5
6783.01 3.25 3.21 0.013 1.12+0.04−0.13 1.12
+0.08
−0.1 1.31
+0.4
−0.13 1.34
+0.41
−0.13 5.9
+1.3
−0.7
6793.01 2.84 3.23 0.0091 1.01+0.02−0.06 2.48
+0.28
−0.29 0.79
+0.16
−0.07 0.81
+0.16
−0.07 8.8
+1.6
−1.2
7129.01 1.18 2.48 0.0148 1.15+0.02−0.09 0.89
+0.1
−0.03 1.74
+0.57
−0.29 1.83
+0.6
−0.31 4.5
+0.9
−0.2
7205.01 0.89 0.47 0.2557 1.12+0.14−0.12 1.35
+0.05
−0.07 39.8
+8.7
−13.1 51.1
+11.3
−16.9 76.3
+12.7
−11.6
7546.01 2.93 6.12 0.013 1.71+0.14−0.12 1.44
+0.12
−0.07 4.9
+0.88
−1.62 4.91
+0.88
−1.62 68.9
+11.2
−8.2
7572.01 2.97 5.16 0.0034 1.83+0.15−0.12 0.91
+0.09
−0.06 1.59
+0.34
−0.57 1.6
+0.34
−0.57 8.5
+1.5
−1.2
Note. —
a From observations at Robo-AO KP described in Section 2.1.
b Diluted ratio of planet radius to stellar radius, from NASA Exoplanet Archive.
c Original planetary radius estimate, from NASA Exoplanet Archive.
d Estimated eclipsing object radius in the scenario where it is physically bound to the target star, corrected for transit dilution caused by the presence of nearby stars.
e Estimated eclipsing object radius in the scenario where it is bound to the companion star, correcting for transit dilution by nearby stars and using stellar radius estimates derived
from estimated spectral types in Table 2 and Habets & Heintze (1981).
